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computer based project management packages would become more popular. To date
however, these packages have concentrated on monitoring and controlling projects.
The definition and brain storming phases required to generate a project plan are still
largely manual tasks. Planning a project initially involves generating a complete and
organised list of all the tasks needing to be completed in order to achieve a project’s
goal. This list is referred to as the work breakdown structure (WBS).
An expert system is an application, normally computerised, which utilises expertise
gathered from experts. An expert is a person considered an authority in a particular
field, because they are among the most practised and skilful in that field. An expert
system for aiding the generation of project plans, would not only result in the
generation of more accurate plans in a reduced time, but would also free the experts
to carry out more intuitive tasks.
The system developed in the course of this work is called, WBSGen, or Work
Breakdown Structure Generator. WBSGen is a Windows-based system, which
enables the user to generate a WBS by piecing together groups of tasks from a
comprehensive library of previously defined tasks. The user has the option to
customise any of the groups of tasks selected, to suit the project being planned.
When this list is complete, the option is there, if required, to check the generated
WBS for potential conflicts. These conflicts are based on expertise which suggests
that generally certain tasks would not be found together in the same project.
Additional to this feature is an algorithm that can allocate precedence relationships to
the generated plan. This algorithm is also based on historical information gathered
from experts.
WBSGen runs in conjunction with Microsoft Project. The generated plan is exported
and presented in Microsoft Project in the standard Gannt chart view. This plan can
then be monitored or adjusted appropriately as the project progresses.
To date WBSGen is a prototype. It is hoped that in the future the database of
knowledge will be extended so that the system can cater for a wider variety of project
types.

EXPERT SYSTEM FOR THE GENERATION OF A
WORK BREAKDOWN STRUCTURE

Bernard O’ Callaghan B.Eng.

Master of Engineering

Department of Mechanical & Manufacturing Engineering
Cork Regional Technical College

QOiFax Oil -

Tel. 021 - 54:=2^2

Supervisors of Research:

Mr. D. Fallon, M.Eng.Sc.
Dr. J. Harhen

Submitted to the National Council of Educational Awards
May 1997

Abstract
This thesis outlines research work carried out in the Mechanical & Manufacturing
Department in Cork Regional Technical College, Ireland, With computers now having
an increasingly dominant role in all areas of business, it was inevitable that computer
based project management packages would become more popular. To date however,
these packages have concentrated on monitoring and controlling projects. The
definition and brain storming phases required to generate a project plan are still largely
manual tasks. Planning a project initially involves generating a complete and organised
list of all the tasks needing to be completed in order to achieve a project s goal. This
list is referred to as the work breakdown structure (WBS).
An expert system is an application, normally computerised, which utilises expertise
gathered from experts. An expert is a person considered an authority in a particular
field, because they are among the most practised and skilful in that field. An expert
system for aiding the generation of project plans, would not only result in the
generation of more accurate plans in a reduced time, but would also free the experts to
carry out more intuitive tasks.
The system developed in the course of this work is called, iVBSGen, or Work
Breakdown Structure Generator. 1/VBSGen is a Windows-based system, which enables
the user to generate a WBS by piecing together groups of tasks from a comprehensive
library of previously defined tasks. The user has the option to customise any of the
groups of tasks selected, to suit the project being planned.
When this list is complete, the option is there, if required, to check the generated WBS
for potential conflicts. These conflicts are based on expertise which suggests that
generally certain tasks would not be found together in the same project. Additional to
this feature is an algorithm that can allocate precedence relationships to the generated
plan. This algorithm is also based on historical information gathered from experts.

1/i/BSGen runs in conjunction with Microsoft Project. The generated plan is exported
and presented in Microsoft Project in the standard Gantt chart view. This plan can
then be monitored or adjusted appropriately as the project progresses.
To date l/l/BSGen is a prototype. It is hoped that in the future the database of
knowledge will be extended so that the system can cater for a wider variety of project
types.
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Chapter 1
Introduction
1.1

Introduction

Organisations perform work. Much of the work carried out by organisations is done
in project format. This makes project management an important discipline and one
that is receiving increasing attention. Project management differs from other forms of
management such as production, process and general management, in that it usually
involves one off undertakings. It is recognised therefore, as being a separate discipline
which requires specific skills, techniques, knowledge and tools.

Project management has been defined on numerous occasions. A suitable adaptation
of a few of these more formal definitions may read as follows:

“Project management involves planning, performing and controlling a
series of activities from inception to completion aimed at meeting a
customer’s requirements and ensuring completion on time, within cost
and to the required standards.”

Projects involve considerable uncertainty and risks. In an effort to reduce these risks a
method by which more accurate plans can be produced in reduced time frame must be
developed. Expert systems allow for data to be retrieved more efficiently by taking
advantage of knowledge contained in databases. Expert systems also cater for
decision making by availing of expertise that has been gathered and coded as logical
statements.

Unprecedented technological advances in the computer world have caused computers
to become part of our daily lives. The rapid growth in the number and variety of
computer applications has affected all aspects of human endeavours. Computers are
now frequent players in our professional and personal activities. The rapid spreading
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of project management is largely as a result of the availability of computer software
packages that make it possible to implement project management techniques more
quickly and with less effort for increasingly complex projects. Many future
opportunities in the sphere of project management will almost inevitably be computer
based.

1.2

Objectives

The objective of this work was to design, build and test an expert system, which is
aimed at assisting the user in the definition and structuring of the specific set of tasks
required to complete a given project. In project management this is essentially the
whole project broken down into discrete and manageable elements and is called the
Work Breakdown Structure (WBS). In addition to this, the development of a number
of extra features to make the package more powerful has been underaken, namely, a
method by which the developed plan can be checked automatically for tasks that
historically would not be expected to occur in the same project, and an algorithm for
assigning a precedence plan to the generated WBS based on knowledge to be
gathered from planning experts.

The completed system is a front end add-on to an existing project management
computer package. It has the capability of relaying any generated plans to this package
in such a manner that these plans can be viewed, controlled and managed in the future.

1.3

The Developed System

The system developed has been given the name WBSGen taken from Work Breakdown
Structure Generator. WBSGen runs in conjunction with Microsoft Project 4.0. It is
activated via a graphical user interface (G.U.I.) that enables the user to access a
knowledge base containing structured information on blocks of activities and tasks
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relating to many different projects. W/BS6en will then enable the user to select and
customise the appropriate blocks to generate a detailed WBS.

l/l/BSGen has also captured expertise which allows the user to effectively scan the
developed plan for potential conflicts based on historical information. The user can
also avail of pre-defmed precedence relationships. Each relationship is applied
separately, so no matter what the generated plan the system will always be able to
apply relationships between tasks, where appropriate to do so.

IVBSGen has therefore managed to reduce the time and effort required to generate,
structure and input project plans. In addition, it incorporates into the planning
process, the knowledge and skills of a planning expert. This will allow for the freeing
of experts to carry out more intuitive work which requires their skills.

1.4

Conclusion

The remainder of this thesis outlines the work carried out. The next section deals with
project management, highlighting some of the skills and techniques involved. Chapter
Three discusses the importance of computer-based packages with a particular
emphasis placed on project management software packages. The suceeding chapter is
concerned with expert systems and their various applications. Here an attempt is made
to summarise some previously developed project management based expert systems,
listing their advantages and disadvatages.

The remaining chapters deal with the developed system. Initially the system’s
methodology and algorithms are explained. Chapter Six then provides the reader with
an example of how iVBSGen both looks and operates using a specific example.

Chapter 2
Project Management
2.1

Introduction

This chapter briefly outlines the fundamentals of project management. Firstly, project
management is defined. This section then leads into discussions dealing with topics such
as; the importance of project management, the different stages involved in a project and
finally, the popularity of project management. The next section of the chapter deals with
the work breakdown stmcture (WBS), which is simply deciding what has to be done in
order to complete a project. Finally, the order in which the project tasks are to be
completed is discussed, under the heading of ‘Precedence Allocation’. How these are
represented graphically on a Gannt chart is then illustrated.

2.2

Project Management

2.2.1 Introduction

The dictionary definition of a project reads as follows:- “A scheme of something to be
done: a proposal for an undertaking ”. In engineering terms it can be defined as a series
of activities performed to achieve a certain goal.

“Management is the process of planning, organising, leading and controlling the efforts
of organisational members and the use of other organisational resources in order to
achieve stated organisational goals.” (Stoner, J.A.F., 1978)

Project management then, can be thought of as the process of managing, allocating and
timing activities and resources required to complete these activities; in order to achieve a
given objective in an expedient manner. The objective might be in terms of time, money
or technical results. Alternatively, project management could be defined as the process of
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achieving objectives by using the combined capabilities of project resources or assets.
Badiru suggests that project management might be viewed as “the systematic execution of
tasks needed to achieve project objectives.” (Badiru A.B., Whitehouse G.E. (a), 1990)

In simple terms project management involves determining what is to be done, how, when,
where, by whom and at what cost. It is fundamentally about risk and involves spotting the
risks and acting to reduce them. Events are planned, organised and arranged into
sequences with anticipated durations, costs and consequences. Getting things done
requires pushing things in the direction of the plan, setting deadline dates and checking that
the steps along the way are on track.

Project management is both a science and an art. It is a science because it uses scientific
techniques that have been proven to enhance management processes (Whitehouse, 1973).
It is an art because it relies in on the good judgement, expertise and personal intuition of
the project manager.

Traditionally project management has been applied primarily to the construction industry.
Now, it is also been utilised in the chemical, electronic and many more industries. A niche
is also being found at present for project management as a tool for the scheduling of
manufacturing problems. For example, if there was a piece of machinery, say a dryer, that
was needed for a particular stage for a few different processes. Then each process could be
entered as a sub-project and the dryer as a resource. By combining these sub-projects into
a master-project, the production schedule for the whole plant could then be worked out,
using project management techniques as the planning tool. In this manner any conflicts
occurring at the dryer would become immediately apparent and could be resolved.
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2.2.2 Elements of a Project

Within the several industries that have embraced project management techniques there
are unique practices and requirements that relate only to those particular industries.
However, there are certain standard elements to project management no matter what the
application. Standard project management elements and definitions as suggested by
Badiru (Badiru, May 1988) include:

Progi'am - The term commonly used to donate very large and prolonged
undertakings. The term is typical in many government endeavours that span
several years. The US space program is a good example. Programs are
associated with particular systems; for example a nuclear armament program
within a national defence system.
ProJecI - The term generally applied to time-phased efforts of much smaller
scope and duration than programs. Programs are sometimes viewed as
consisting of a set of projects. However, it is not uncommon for practitioners to
use both terms interchangeably. The government sector generally tends to refer
to its efforts as programs.
7asks - The elemental content of a project. A project is normally composed of
contiguous arrays of tasks that all contribute to the overall project goal.
Activity - The atom of a project. Activities are generally smaller than tasks. In
a detailed analysis of a project, an activity can be viewed as the smallest
practically indivisible work element of the project. Such minute details of a
project can become very crucial in identifying project bottlenecks.

Project Management
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2.2.3 Project Birth and Death Process

The birth and death process of any project covers the following steps. Note that the
computer can play a significant role in each step.

• Project Coficeptualisation - The stage at which the need for the project is
identified, defined and justified.
• Project Definition - The phase at which the specifications of the design elements
are developed. At this stage the project is still seen as just one activity with a
well-defined set of desired end results.
• Project Development - It is here that the project is divided up into sets of
manageable sub tasks that must be completed in order to achieve the project
goals. Project development cover such items as activity definitions, resource
procurement and allocation, and the organisation and scheduling of personnel.
» Project Verification - 7'he diagnostic process of checking wlielher or not
project results confirm to plans specifications, i.e. to confirm that the steps
outlined in “project development” should, theoretically result in achieving the
goals defined in “project definition”.
• Project Controlling - The corrective actions implemented to steer the project in
the proper direction based on established objectives. This is basically the
management of the project to keep it on track to the best of the project
managers ability. Table 2.1 outlines a number of the problems that Meredith and
Mantel suggest that can cause a project to require the control of performance,
costs or time. It is only, if the ‘project verification’ failed to eradicate or identify
all the indiscretions in the original plan, or if a ‘new’ problem crops up that
‘project controlling’ is necessary.
• Project Termination - The phase-out stage of the project. A crucial component
in terminating a project is the need to communicate with those who will be
affected by the termination. Meredith and Mantel suggest that there are four
types of termination:
1. Termination by Extinction. This is where the project goals are
achieved successfully.

Chapter 2

Project Management

2. Termination by Addition. This is where the project is extended
by the addition of new tasks, and thus resulting in the project
returning to one of the earlier stages.
3. Termination by Integration. Here the project team are returned
to the parent organisation and given new roles.
4. Termination by Starvation. This variation of project termination
has been described in the past as the ‘slow starvation by budget
decrement’.

This may occur where an organisation

is

embarrassed to announce the termination of an unsuccessful
project and just allow it to drift on and on.

Any one of the above four can occur, with the first two being the most common
(Meredith, J.R., Mantel S.J.Jnr., pp 612-616).
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Table 2.1 Problems that can cause a project to require the control of performance
costs and time, (as adapted from Meredith, J.R., Mantel S.J.Jnr., pp 508-509)
Unexpected technical problems arise.
Insufficient resources are available when needed.
Insurmountable technical difficulties are present.

Performance

Quality or reliability problems occur.
Client requires changes in system specifications.
Interfunctional complications arise.
Technological breakthroughs affect the project.
Technical difficulties require more resources.
The scope of the work increases.
Initial bids or estimates were too low.

Cost

Reporting was poor or untimely.
Budgeting was inadequate.
Corrective control was not exercised at the time.
Input price changes occurred.
Technical difficulties took longer than planned to solve.
Initial time estimates were optimistic.
Task sequencing was incorrect.
Required inputs of material, personnel or equipment
were unavailable when needed.
Necessary proceeding tasks were incomplete.
Customer-generated change orders required rework.
Governmental regulations were altered.
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2.2.4 The Effort Required to Complete a Project

In many applications, the completion of a project on time is the overriding factor. The
notion of “a minute wasted is a minute wasted” should be an over riding concept.
Therefore the importance of utilising every second of a project’s duration during critical
areas to its maximum capability must be one of the main concerns. Therefore during areas
where float exists it is not necessarily to detriment of the project if time is lost here. Figure
2.1 shows how the overall effort varies during the life of the project. This figure shows
four broad stages. Most projects go through similar stages during their life-cycle. At the
outset, i.e. during the conception stage, the project is born and a manager is selected. Then
the project team and the initial resources are assembled in the selection portion of the
project’s life. In the next section the work schedule is organised which allows the work to
get underway and progress to be made. The length of this section can alter depending on
the size of the project, the pre-planning section wouldn’t necessarily grow to the same
extent. Work then continues until the end is in sight. Wc arc now entering the last portion
of the project or often referred to as ‘termination’. These final tasks however seem to take
longer than expected. This is partly because there may be a number of parts that must
come together and partly because team members ‘drag their feet’ for various reasons and
avoid the final steps.

As can be seen most effort is needed during the ‘Planning, scheduling, monitoring, control’
section. This highlights the importance of completing the planning stage as smoothly as
possible. Figure 2.2 shows how the need for planning input varies over the life of a project.
(Reiss G., 1992). Here it can be seen that effort requirements peak during the ‘Planning’
stage. This would indicate a need for greater effort over this period. It is at this stage, that
such things as WBS and precedence allocation are planned. It is this area that this expert
system is concerned with (See Chapters 5 & 6).
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Figure 2.1

Definition

Time Distribution of Project Effort

Planning

Figure 2.2

Execution

Review

The life of a project

11

Chapter 2

Project Management

2.2.5 Reasons for the Widespread Adoption of Project Management
There are primarily four reasons for the widespread adoption of professional and
advanced project management today

1. Management is recognising that many of their organisations production plans
are actually distinct projects and that the management of these projects is
different to the management of the organisations operations.
2. Market conditions are becoming more demanding and projects are becoming
larger, leading to a requirement for more professional project management.
3. Competitiveness in industry is increasing and hence more projects must be
completed under severe time, cost and quality constraints.
4. The problems of integrating multiple disciplines in multi-company under
takings is making the adoption of project management critical to their success.

2.3 Work Breakdown Structure

2.3.1 What is a Work Breakdown Structure?

Two popular definitions of WBS are ;-

Work Breakdown Structure (WBS) - The partitioning of a project into
convenient small work packages. This method facilitates the a more efficient
and logical analysis of the required events and activities involved in the
project.
(Badiru A. B., Whitehouse G. E. (b), 1990)
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The definition of the WBS as supplied by the U.S. Department in its Performance
Measurement Systems guidelines is :

JVor/c Breakdown Structure - a product oriented family tree division of
hardware , software, services and other work tasks which organises, defines,
and graphically displays the product to be produced as well as the work to be
accomplished to achieve the specified product. (Mini PMS Guide, 1977).

The term “work breakdown structure” is therefore simply a name for a family tree type
sub-division of a project. It defines the project, the work to be done and graphically
displays them. It is very similar to a bill of materials used in production planning.
Essentially it is a methodology of project organisation, planning and control, based on
‘deliverables’, rather than simply on tasks and activities.

The WBS is constructed by exploding, or dividing the project into its main identifiable
tasks, component parts and services in a logical and non-arbitrary manner. These tasks
are then subdivided into their elements. This process is repeated until the lowest level of
the WBS required, is attained. One rule-of-thumb is to break a project down to activities
that can be completed by one particular trade, skill or group (Harrison, F.L., 1992).

2.3.2 WBS Code

A sample WBS generated for the construction of an office block complex is shown in
‘tree’ format in Figure 2.3. The top layer of the ‘tree’ is the project and each subsequent
‘branch’ is a lower level. A method of coding must now be applied that clearly and
simply identifies each piece of the ‘tree’ and its place in relation to all the other pieces.
For ease of understanding and implementation, the WBS code follows a logical
numbering system. Thus the whole project is given a number in the form x.0.0.0 if there
were 4 levels to the WBS. Then the next level contains the numbers x. 1.0.0, x.2.0.0, etc.
The remaining level numbers follow a similar sequence as seen in Figure 2.4. When
listing the various tasks, each level is indented as in Figure 2.5. Each subsequent level of
indentation indicates a lower level of the WBS.
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l.O.O.O.O

Project

1.1.0.0.0

Office Block 1

1.2.0.0.0

Office Block 2

1.2.1.0.0

Grounds

1.2.2.0.0

Offices

1.2.2.1.0

Services

f2.2.1.1

bleating

1.2.2.1.2

Air Conditioning

1.2.2.1.3

Electrical

1.2.2.2.0

Buildinc;

1.2.3.0.0

Car Park

1.3.0.0.0

Office Block 3

Figure 2.5

List of the Work Breakdown Structure
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2.3.3 Generating a WBS

Once a project has been defined in terms of its objectives and deliverables, a WBS is
produced. This should contain sufficient detail to allow clear ‘downward’ delegation of
tasks, but not too much detail in order that there can be clear ‘upward’ communication of
progress against these tasks.

The complete listing of all the activities at the beginning of any project is both time
consuming, difficult and arguably the most important element in scheduling a project.
The possibility of the omission of, or poor definition of an activity could result in all
subsequent work being carried out in vain (see Section 2.3.5).

There are several techniques used to aid the complete listing of all the activities, some of
which are listed below.

1. Review existing projects,
2. Brainstorming,
3. Review journal and magazines.

Reviewing existing projects will only aid the generation of the WBS if the team has
previous experience of similar project or parts of the project. In “brainstorming”, a small
committee is chosen, comprising of cross functional team of relevant personnel, which
considers the project as a whole and lists all the activities and events necessary for the
completion of the project. For additional information on brainstorming techniques consult
any good ‘Quality Management’ book. The third method of reviewing relevant literature
is mainly used when a project is alien to the planning team. This situation arises if the
team are tackling a project to which they have no experience or else if it is in a sector
where there has been little work/design completed previously e.g. developing a new
product.
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2.3.4 General Features of Work Breakdown Structures

Project management techniques are now been used in a wide variety of applications, this
however does not mean that different techniques are required. Even for two very similar
projects it is often the case that the WBS’s will differ. No matter what the project there are
some guidelines that will never change. One set of criteria for developing a WBS as given
by Lewis (Lewis J. P., 1993) are listed below ;

• Up to 20 levels can be used. More than 20 is considered overkill.

• All paths on the WBS do not have to go down to the bottom or even the same
level.

• The WBS does not show sequencing of work except in the sense that all level-five
work packages hanging below a given subtask must be complete before the subtask
and so on. However, work packages below that subtask might be performed in
series and parallel. Sequencing is determined when schedules are developed.

• A WBS should be developed before scheduling and resource allocation are
attempted.

• The WBS should be developed by individuals proficient with the work. This means
that different levels may be developed by different groups and then the separate
parts combined.

Despite the widespread applications of project management some of the techniques will
never change.
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The Importance of the Work Breakdown Structure

The development of a WBS is carried out in the infancy stages of any project. No matter
what the project, a WBS has to be completed. Any mistake made at this stage can affect
the rest of the project’s success.

“A properly designed and implemented Work Breakdown Structure (WBS) with
associated coding structure and dictionary, form an effective basis for communication
systems, policies and procedures for all mega projects”(Lavold G. D., 1992)

The reasons for the success and failure of projects, and project management are many and
varied. In the UK, two studies identified the principal factors leading to the failure of
projects. One of the reasons which Duffy and Thomas (Duffy P.J., Thomas R.D., 1988)
outlined was;
“Often the scope of the work is not defined adequately to those participating in the
project.”
In the other UK study of North Sea oil projects, the principal area leading to shortcomings
was listed as;
“Inadequate planning, budgeting and control systems.”
These points should illustrate the importance of a correctly defined WBS from the outset
of any project.
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Precedence Allocation

2.4.1 Introduction

As seen previously a WBS does not show the sequence in which work is performed. This
leads to questions such as ;

1. What parts of these jobs can be performed concurrently?
2. What parts of each job are necessary to be completed before other parts begin?

The answers to these questions will help to determine a precedence for the activities.

2.4.2 Types of Dependencies

A dependency is the relationship existing between one activity and another which must
immediately precede it. According to the, Project Management Institute Standards
Committee (Project Management Institute Standards Committee, 1996), the following
points should be considered when allocating precedence:

1. Mandatory dependencies: Mandatory dependencies are those which are
inherent in the work being done. They often involve physical limitations e.g.
on a construction project it is impossible to erect a superstructure until the
foundations have been built. Mandatory dependencies are also called hard
logic.
2. Discretionary dependencies: Discretionary dependencies are those which are
defined by the project management team. They should be used with care since
they may limit later scheduling options. Discretionary dependencies are usually
defined based on knowledge of :
• “Best practices” within a particular application area.
• Some unusual aspect of the project where a specific sequence is desired
even though there are other acceptable sequences.
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Discretionary dependencies may also be called preferred logic, preferential
logic or soft logic.
3. External dependencies: External dependencies are those which involve a
relationship between project activities and non-project activities. For example,
the testing activity in a software project may be dependant on delivery of
hardware from an external source, or environmental hearings may need to be
held before site preparation can begin on a construction project.
4. Constraints: Constraints are factors which will limit the project management
team’s options.There are two major categories of contraints that must be
considered during schedule development;
• Imposed dates. Completion of certain deliverables by a specified date may
be required by the project sponsor, the project customer or other external
factors (e.g., a court-mandated completion on an envirnomental remediation
project).
• Key events or major miletones. Completion of certain deliverables by a
specified date maybe requested by the project sponsor, theproject customer
or other shareholders. Once scheduled, these dates become expected and
often may be moved only with great difficulty.
5. Assumptions: Assumptions are factors which, for planning purposes, will be
considered to be true, real, or certain. Assumptions generally involve a degree
of risk. For example in weather dependant activities, such as blockwork, it may
be assumed during the Summer months that eight hours of work

will be

available every day. This of course is not necessarily the case.

Cork Regional Tcciraical CoHcgc
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2.4.3 Types of Precedence

As soon as the dependencies for all activities are decided, it is now time to link these
activities together in order to have a completed project. They are linked together with
what are referred to as precedence relationships. There are four types of precedence
relationships, and any one or combination of these can be allocated between any two
activities. The four types are :

• Finish-io-Siart

the “predecessor” activity must finish before the “successor”

activity can start.
• Finish-to-Finish

the “predecessor” activity must finish before the “successor”

activity can finish.
o Start-to-Start

the “predecessor” activity must start before the “successor”

activity can start.
® Slaii-io-Pi)usli

the “predecessor” activity must start before the “successor”

activity can finish.

These are represented graphically with the aid of “links” as shown below in Figure 2.6.

Predecessor

Successor

Predecessor

J

Successor

(a) Fiuish-to-Slart

(b) Finish-to-Fifiish

(c) Start-to-Start

(d) Start-to-Fifiish

Figure 2.6 The four types of precedence relationships

Once these precedences have been applied to the WBS the user now has an ordered
structure to the plan. This will be critical to the management of the project because it will
now be evident which tasks will be running concurrently or which have to be completed,
before more tasks can start or resources can be released to waiting tasks.
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2.4.4 Gantt Charts

Once the precedences have been allocated the project is now beginning to take shape. In
order to see what shape or order the project must be completed a graphical method of
communicating this information must be found.

The traditional approach to planning and scheduling has been through the use of bar charts
(see Figure 2.7). A project is drawn up on a scale where the horizontal axis is directly
proportional to time (days, weeks, months or years). Each horizontal bar represents a
project task, the length of which is scaled according to its expected duration. The name or
description of each job is written on the same row, or in the left hand margin. (Spinner, M.
P., 1981).

This chart does provide some valuable information. However, essential data is missing. For
instance

the

relationships

between

engineering,

material

procurement,

building

construction and equipment delivery and installation cannot be seen. An American
industrial engineer Henry L. Gantt (1861 - 1919) developed many kind of charts and
records for planning purposes. Among these was the connected bar chart which became
known as the Gantt chart (see Figure 2.8). These charts are easy to construct and
interpret, are in widespread use

and contain

more information on the planning

requirements than the bar chart. On more complex charts the bars are often colour coded
or given distinctive shading to denote a department, trade, individual or important tasks
such as the critical path. A drawback associated with the Gannt chart is that it is difficult to
revise them and they therefore require a great deal of time to update. This is true especially
if projects have grown in size and complexity. With the advent of computer generated
Gannt charts and project management packages, this drawback has been more or less
eliminated.
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B
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Figure 2.7 Bar Chart
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Figure 2.8

Gantt Chart (as seen in MS Project 4.0).
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The Criteria for the Developed System

It has been seen so far that in order to complete a project the project manager must have a
clear understanding of the project requirements, and must then formulate a plan to meet
these requirements. A correct plan is paramount to the success of any project. The aim of
the system developed is to aid the project manager in the successful development of
his/her plan.

This work involves the development of an exhaustive library containing the possible tasks
required to complete any project of any sector of industry. Allied to this is an expert
system which through an interactive process will select tasks for a specific project, filter
out unwanted tasks, highlight possible areas of conflict within a selected set of tasks and
make an attempt to allocate a suggested precedence scheme for the newly constructed
WBS.

In summary the expert system has four main stages :

1. Generating a WBS,
2. Solving potential conflicts,
3. Allocating suggested precedence,
4. Exporting the generated plan to an existing project management software
package.

In order to achieve the above objectives it will require the choosing of the following :

1. A project management software package,
2. A programming system with both G.U.I. and database manipulation capabilities,
3. A database engine.

Once these have been selected the system will be able to run from its own executionable
file ( i.e. *.EXE ), although the user will require his/her own licensed copy of the project
management package.
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The initial step in developing a plan for any project is deciding what has to be done. This
involves generating a WBS, i.e. the complete listing of all tasks necessary to complete the
project. As a WBS generator would involve storing large amounts of information, it was
necessary to choose a database facility to serve these needs. In order to do this a database
will have to be generated. The data will have to be stored in a logical fashion which
enables only the information relevant to the project being selected and all other redundant
information filtered out.

The developed system is a computer based add-on to an existing project management
software package, namely Microsoft Project. It will therefore be necessary to develop a
suitable graphical user interface (G.U.I.) to enable the user to run the system. Once the
system has been activated it should able to access databases. To furnish these needs it will
therefore be required to choose a programming system with the capacity to develop a
G.U.I. allied with the capability of manipulating databases. The package selected to meet
these criteria was Visual Basic Professional Edition.

Once the system has generated the WBS, it will be necessary to export the generated plan
to the existing project management software package. All project management packages
store the information in a database style format. Therefore a database engine that is
complimentary to the chosen package was necessary. It was found that Microsoft Access
would be suitable for both storing the librarys of tasks and the data to be exported to the
project management package, and was therefore selected on these grounds.

In addition to generating a WBS, the system will be able to utilise its’ built-in expertise to
search the generated WBS for potential conflicts. Each conflict will be presented and an
opportunity to remedy it will be provided. Once this has been completed the user will
now have a complete listing of all activities. To structure the plan it will then be required
to decide in which order the activities are to be completed. To facilitate this, an option
will be available to the user to allocate a suggested precedence plan if he/she wishes to do
so. The suggested precedence will based upon past projects and expertise gathered from
experts.
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It will therefore be necessary to export all of the generated data to the project
management software package in such a fashion that it can be read by the package. At
this stage, the expert system will have run its course and the project is ready for
managing.

2.6

Conclusion

In this chapter it has been shown that project management is the process of planning,
directing and controlling the development of an acceptable system at a minimum cost
within a specified time frame. The planning of a project is most often the most critical
and effort driven stage of a project. In planning a project the user must decide what is to
be done and when. This involves generating a WBS and then allocating precedence to the
tasks as appropriate. The remainder of the project manager’s tasks are then the directing
and controlling of the project.

This work’s objectives are to develop a system to aid the generation of a WBS for any
project. In addition, to this the developed system will avail of past experiences and
expertise to search for potential errors in the plan and also to allocate a suggested
precedence. The developed system will be computer based and base with an existing
project management computer package. The next chapter will examine and review a
number of these project management computer packages, and other software applications
required for this work.
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“There are only two commodities
that will count in the 1990s.
One is oil and the other is software.
And there are alternatives to oil. ”
Bruce Bond

3.1

Introduction

This chapter highlights the popularity of project management software packages. The
need for and the success of such packages at present is illustrated. Section 3.3 reviews
a number of the packages on the market at present. Microsoft Project was chosen to
carry out this work, and the reasons for this decision are given subsequently. In the
remainder of the chapter, the other software requirements for the developed system
are discussed ( See Section 2.5 ). For the developmment of the Graphical User
Interface (G.U.I.) Visual Basic was found to be suitable. A database engine was
required to store large amounts of information and also store the generated plan in a
format suitable for exportation to a project management package. Microsoft Access
was found to be suitable for exporting to Microsoft Project and also has the
neccessary credentials for the efficient storing of all of the information that is
gathered from experts.
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3.2

Software

3.2.1

Is Software necessary ?

As far back as, 1990 a cabinet office report commissioned by the British government
highlighted the importance of software to any company involved in information
technology. Some of the more striking points made were (UK Cabinet Office report,
1990):

• Software currently (1990) accounts for about 5% of the UK gross national
product and given the trends over the last ten years this is likely to grow,
(See Figure 3.1).
• The proportion of IT costs attributable to software rose from 40% in 1980
to 80% in 1990.
• The European software services market, estimated at 40BEcu in 1990, is
set to rise to more than 60BEcu in 1993.

Figure 3.1

The increasing economic importance of software through the 1980s in
the UK.

29

Chapter 3

3.2.2

Software Selection

Is there a need for Software in the Project Management Sector?

Both large and small organisations are buying more and more project management
software. The market for project management software grew by more than 30%
between the years 1987 - 1990 alone. The market at present is estimated to be well
over the $100 million mark per annum. This healthy gain in the market has resulted in
a broad diversification of project management software capabilities.

As seen in Section 2.2.3 the life cycle of a project covers a range of items which
should contain the ones listed below;

Need Analysis
Problem Definition
Specification of Project Requirements
Request For Project Proposals
Bid Analysis and Vendor Selection
Proposal/Cost Justification
Project Approval
Contract Development
Organisation of Project Team
Design Specification and Approval
Project Initiation
Project Scheduling, Monitoring and Control
Transfer to End User
Project Phase Out
Post-project support and maintenance

It is not difficult to imagine how any existing software, even a word processor, can be
gainfully utilised in at least one of the areas listed above. Flowever, it is accepted,
most of the present computer software and hardware resources are not being used as
effectively as they could in enhancing project management functions. For example,
the increasing availability of local area networks can be exploited to allow users in a
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project management environment to access, update and share data, and enable project
managers to monitor project events more effectively (Badiru A.B., Whitehouse G.E.
(c), 1990).

3.2.3

The Evolution of Project Management Software

The present stage of project management computer software as been achieved through
an evolutionary process that spans several developments. Five distinct generations of
software evolution (Badiru, 1988) have been identified;

1. First Generation (Pre - World War II) - The era of the unstructured project
analysis when mangers executed their project plans (if there was one) by
raw gumption and the so called “seat-of-the-pants” rules.
2. Second Generation (From mid-1950’s) - The era marked by the emergence
of PERT/CPM techniques. Project analysis in this generation was
performed manually.
3. Third Generation (From early 1970’s) - The era of mainframe computer
implementations of PERT/CPM became prevalent. However, access to the
programs was limited to those with the necessary hardware.
4. Fourth Generation (From early 1980’s) - The period marked by the
development of more accessible project management programs on mini and
micro computers. This increased access gave managers the tool for timely
project management and control.
5. Fifth Generation (From mid-1980’s) - The era marked by the introduction
of integrated project management packages. These advanced programs
combined the traditional PERT/CPM network analysis with project
graphics, report generation, spreadsheets and cost analysis.

The sixth generation is still on the horizon. This generation promises to incorporate
real-time communication and networking capabilities into project analysis. Some of
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the elements of this sixth generation are already available in some project
management packages but remain to be fully tested and accepted.

3.2.4

When is Project Management Software an Asset?

Badiru and Whithouse suggest that if you can answer ‘Yes’ to at least five of the
following questions then project management software would be an asset (Badiru A.
B., Whitehouse G. E. (d), 1990).

1.

Do you manage more than one project at a time?

2.

Do your projects typically contain more than 20 tasks?

3.

Is your project scheduling environment very complex?

4.

Are there more than five resource types in each project?

5.

Do you perform other types of numerical analyses in your project
management functions?
Is the generation of graphics outputs such as Gannt and PERT charts
important in your project management functions?

7.

Do you need to perform cost analysis on a frequent basis?
Is it necessary to generate forecasts from historical project data?

9.

Is automated reporting important in your organisation?

10.

Is computerisation one of the goals in your organisation?

If you can answer ‘Yes’ to at least five of the above and you have decided to invest in
a project management package, then the next step is to choose a package. The next
section review a number of such packages and also outlines the properties worth
reviewing when analising a package.
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Project Management Software

Once it has been decided that project management software would be an advantage
(see Section 3.2.4), it is then time to start thinking of selecting a package. The number
of project management software packages has been growing steadily for the past
several years. Gido (Gido, J., 1985) presents a comprehensive directory of project
management software available as of 1985. However, the directory listing for project
management packages has grown substantially since then. Assad (Assad, M. G., and
G.P.J. Pelser., 1986) suggested that the market of the microcomputer-based project
management software was around $10 million in 1984. Day Copeland (Day-Copeland
L., 1988) also presented a trend analysis in the project management software market
approaching $80 million in 1988. It has already been stated that the market grew by
30% in the years between 1987 -1990; with the wide variety of packages on the
market at present and the constant updating of each version, it can be safely assumed
that the market has continued to develop in a similar manner in the intervening years.

3.3.1

Software Review

The following project management software packages were investigated during the
course of this work :
® Microsoft Project 4.0
• Timeline for Windows
• Primevera

These packages are reviewed below. In order to evaluate project management
software packages a number of points must be examined, such as cost, user
friendliness, report generation, etc. (See Appendix A). It is worthwhile remembering
that the package to be chosen for this project is going to be used as the back-end of
the expert system being developed. The requirements for the package were twofold.
The standard prerequisites of any package were examined, i.e. the package’s userfriendliness, capabilities, popularity in the market and to certain extent the price and
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availablity. Allied to these requirements, an appreciation of interfacing capabilities with
the chosen package had to be kept in mind.

Unlike CA-Superproject which has its own developing language called CA-Realizer,
the three packages below don’t have an associated development kit. When selecting
the package for this work the main emphasis was on the package’s ability in the project
management sector, while an appreciation had to be kept in mind for its interactive
capabilities and the ease at which can import the generated plan.

3.3.1.1 Microsoft Project

Microsoft Project was developed by the Microsoft Corporation. This package is noted
for its simplicity and straight forward approach to project management. As is standard
with most packages it is based on the Gantt chart. The project plan is developed by
entering tlie activity parameters such as predecessors, duration, start date, resource
requirements and so on.

The Gantt chart associated with the package permits comfortable viewing of up to 22
activities at a time. Similar to other packages the PERT chart is poor and doesn’t
present as much information as the Gantt. Another feature is the split screen, which
allows viewing at two displays at once e.g. the Gannt chart and a resource histogram.
(Microsoft, 1994)

In summary, Microsoft Project is a low-cost project management package without
some of the fancier features. As a low-end product, with a cost of £295, this package
is easy to use and can be effectively used to manage small projects.
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3.3.1.2 Time Line

Time Line was developed by the Computer Aided Management company. It has
many similarities with Microsoft Project. It caters for viewing of up to 19 activities at
any one time in the Gannt view.

One additional feature of Time Line has is called the ‘alarm clock’. This facility gives
an audio as well as a visual signal for tasks that need to be updated during project
tracking. It also has the ability to undo or redo up to 999 actions (Time Line, 1995).

Time Line is slightly more expensive (approx. £80 extra) than Microsoft Project but it
doesn’t really offer any value for this 27% price hike. Time Line will run on both
Windows and DOS format, however, its layout is not immediately familiar to the user
due to the small share that its parent company holds in the market. For this reason
there is definitely a longer learning curve than Microsoft Project.

3.3.1.3 Primevera

Primevera is a product developed by Primevera Systems. It is however at the high end
of the market costing approximately £2000. It’s popularity therefore is likely to be
with companies that carry out a lot of project management for very large projects.
The package can handle up to 10,000 tasks per project and the number of resources is
unlimited. It allows for up to 130 successors per project. Different levels of user
access and authority can be assigned in the program. With so much available in the
package the user-friendliness of it is slightly lost. Thus there is a far steeper learning
curve associated with it and it’s use is really only rational for very large projects
(Primevera, 1993).
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Journals Reviews

With project management packages varying in price from £200 to £12500 and possibly
beyond, it would be unfair to just simply compare all the packages against each other.
Alternatively, what tends to be done is a search for quality or best value. The packages
under review are often split up into three categories depending on their cost ;

• high-end
• mid range
• low-end

Many computer trade publications such as Personal Computer World, PC Week and
PC World now regularly carry advertisements and software reviews on project
management packages. The results from a recent survey, from Personal Computer
World (Personal Computer World, 1996) are outlined in Table 3.1. This illustrates
Microsoft Project’s popularity in the low-end of the market. This popularity is
highlighted in the opening statement,

“Microsoft Project rules the lower end of the project management
market, providing ease of use and power at a cheap price”.

Similar praise was expressed by BYTES magazine in it’s review;

“Microsoft Project offers more sophistication because it uses Windows
so effectively. It is the most customisable package of the group and
accommodates tremendous presentation flexibility.” - (BYTE’s 1992).

The above statements give credence when one examines the number of awards
Microsoft Project has won in the past six years as seen in Appendix B.
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Result of the Reviews

The package chosen was Microsoft Project. Its main advantages over Timeline was its
user friendliness allied with the backing of Microsoft and their associated suite of
additional software support packages. It was felt that although Primevera was
available, and it is possibly a more powerful package, that its price and availability
amongst the general public makes it impracticle for a prototype system such as
this.Therefore, it was deemed wiser to stick with a more accesable package. In
addition to all of the previous pluses, the availability of a ‘Help Desk’ in the UK, and
its capability of satisfying the requirements of my work, resulted in the choosing of
Microsoft Project. Another advantage is that the look and feel of Microsoft Project is
familiar to anyone who is used to Microsoft Office.

3.4

Developing

the

User Interface

“Visual Basic is the language that many developers are using to write new
applications software. At the last count there were over a million Visual Basic
applications in commercial use. Look closely at any modern Windows database,
spreadsheet or word-processing package.................. and you will find that its macro
language is either a variety of Visual Basic, or almost identical to it. For this reason,
anyone who wants to become a Windows ‘expert’ should master this language, and
all Windows users, beyond the most casual, should have a grasp of it.” P.K. Me
Bride, June 1994.

Microsoft Project 4.0, Timeline and Primevera all mn under the Microsoft Windows
operating system. Windows has the capability of allowing

the user to develop

customised enhancements in Visual Basic. Therefore, this was the logical choice for
the graphical user interface (G.U.I.). Visual Basic implements data access by
incorporating the same database engine that powers Microsoft Access. It is not
however, just restricted to Microsoft Access it can also access many of the standard
database formats, including Btrieve, dBase, Microsoft FoxPro and Paradox. Therefore
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no matter what the type of database engine required there is a high probability that
Visual Basic will be able to cater for it.

3.5

Storing the Information

Good decisions are based on good information. Timely decisions are based on timely
information. Project management is information intensive. Consequently, effective
project management depends on proper data management. The capabilities of
database management programs can significantly facilitate the managing of data for
project management purposes (Badim A.B., Whitehouse G. E. (e), 1990).

3.5.1

Databases

A database is nothing more than a computer-based record keeping system, that is a
system that has the capability to store, retrieve and manage large amounts of data.
Data needs to be quickly retrieved and processed to generate the information needed
in decision making (Late C.J., 1981). In a project management environment, large
amounts of data are dealt with continuously. For example, data is maintained about
tasks, personnel, equipment, due dates etc. The traditional paper and pencil recordsystem would not be adequate for such a system.

3.5.2

Relational Database Model

A relation is a mathematical term for a two-dimensional table such as a collection of
records. It is characterised by rows and columns, each entry therefore being an
attribute value (Deen S.M., 1985). A relational database is a collection of related data
files in which files are connected by means of linking columns or attributes. If a data
file is similar to a table with a column for each field. Each field has a title (i.e. it’s
attribute) and each row of the table represents a single record in the file. A collection
of such tables constitutes a database. Some of the tables in the database might contain
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field names that are the same. Common field names indicate that the tables contain
common information. In other words they are related (i.e., relational database).
Tables 3.2 and 3.3 show an example of some of the fields that are stored in two of the
‘Tables’ required in a Microsoft Project database, namely the ‘Tasks’ table and the
‘Resources’ table.

Table 3.2

Actual Start

Table 3.3

Cost Per Use

Example of Tasks Table in Microsoft Project Database

Cost

Duration

Task ID

WBS

Example of Resources Table in Microsoft Project Database

Overtime Rate

Resource Group

Task ID

Work Remaining

Table 3.2 contains the list of tasks involved in the project. The record of each task
contains information such as start dates, cost, duration, task ID, etc. Table 3.2
contains a list of the project’s resources. The record of each resource contains things
such as cost per use, overtime rate, task ID, and many more. The two tables have a
common column labelled Task ID. This column is called the linking column, or often
referred to as the linking attribute. For a more detailed analysis on relational
databases see Lien, 1985 (Lien, Y.E., 1985). It provides a link between the two tables
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or files. A linking column can be used to relate information in one file to information
in another file.

3.5.3

Database Software

A typical table has both horizontal and vertical dimensions, this is a two-dimensional
layout. For example, a project task list is organised in a two-dimensional fashion
because there are rows of activities and columns of specific characteristics associated
with these activities as seen previously in Table 3.2. It is in this style that Microsoft
Project stores it’s data and links the tables using linking attributes as seen earlier.

It was therefore necessary to choose software to manage the databases in this manner.
It was found that Microsoft Access was capable of satisfying all the above criteria for
creating suitable databases to be used in Microsoft Project. Another advantage
associated with Microsoft Access is that it is possible to convert an Access Database
(i.e. *.MDB) into the Microsoft Project format (i.e. *.MPP). Other advantages are
that Visual Basic can cope with the Access type engine and maintaining the Microsoft
continuity throughout the project was desired although not necessary.
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Conclusion

As seen in Section 2.5 it was seen that in order to satisfy the developed systems
requirements it was neccesary to choose :

1. A project management software package,
2. A programming system with both G.U.I. and database manipulation
capabilities,
3. A database engine.

This chapter has reviewed the possible options and arrived at the conclusion that for
this work the following packages should be used :

1. Microsoft Project
2. Visual Basic Professional Edition
3. Microsoft Access

The next chapter reviews the idea of expert systems and the components required to
build one. This will determine the methodology required to develop the expert system
for generating the WBS as discussed in Section 2.5.
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4.1

Introduction

This chapter reviews and discusses expert systems. Sections 4.2 and 4.3 presents an
overview of expert systems and how they can be created. An expert system is an area of
artificial intellegence (A.I.) that uses knowledge, together with a mechanism for
interpreting the knowledge, to solve problems in a particular domain. Expert knowledge
is a collection of principles and procedures used by human experts in solving a certain
domain of problems. An expert system is an application system built around a direct
representation of such expert knowledge. In general, an expert system is expert
knowledge in small discrete chunks, represented as logic production ades or frames.
Section 4.4 then proceeds to discuss the potential for cxpei t systems in the construction
industry. Previous attempts to do this are reviewed and their strengths and weaknesses
highlighted.

4.2

Expert Systems

Artificial intelligence (Al) is the part of computer science that is concerned with the
development and use of intelligent computer programs. There are four areas of AI ;

1. Natural Language.
2. Speech.
3. Robotics.
4. Expert Systems.

In recent years, research in the field of AI has had many important successes. Among the
most significant of these has been the development of powerful new computer systems
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known as “expert” or “knowledge-based” systems. One definition of an expert system
suggested by Badiru is (Badiru A.B., Whitehouse G.E. (f) , 1990) :

“An expert system is a computerised consultant that uses both facts and
heuristics to solve difficult decision problems that are beyond the capability
of a non expert human. It is akin to a consultant resident in computer RAM”

The definition offered by Smith, (Smith D.J., 1989), for an expert system is :

“A computer program containing knowledge about objects, events,
situations, and courses of action, which emulates the reasoning process of
human experts in a particular domain.”

Smith then states that a ‘knowledge-based system’ is “another name for an expert
system”.

4.2.1

The History of Expert Systems

As seen in Section 4.2 an expert system is a computer system that encapsulates specialist
knowledge about a particular domain of expertise and is capable of making intelligent
decisions within that domain. Two of the most recognised past examples of expert
systems are MYCIN which detects infectious blood diseases, and XCON, which is used
to configure large computer systems. A summary of the areas which have been
successfully tackled within the expert systems framework are discussed by Forsyth
(Forsyth R., 1987). These include :

• medical diagnosis.
• geological exploration.
• organic chemistry.
• fault-finding in electronic equipment.

45

Chapter 4

Expert Systems

These expert systems have proven to be quite successful. In 1990 Badiru forecast that
other suitable applications for expert systems may fall into one of the following categories
(Badim A.B. and Whitehouse G.E. (g), 1990) ;

Interpreting and identifying.
Predicting.
Diagnosing.
Designing.
Planning.
Monitoring.
Debugging and testing.
Instructing and testing.
Controlling.

This thesis is concerned with tlie area of planning particularly the generation of a WBS
for project management. Allied with this is a search for potential conflicts among the
chosen tasks, that may have been neglected in the project set up. An opportunity to
allocate a suggested precedence plan is also presented.

4.2.2

The Need for Expertise

By definition, an expert system is a software package designed to mimic the thought
process of an expert to solve complex problems in a specific domain. Expert systems
have several applications. However, the most pressing need for expert systems is created
by the shortcomings associated with the decision making process of humans (Brachman
R.J. et. al. 1983). Some of these human shortcomings are :

® Scarcity of expertise.
• Fatigue.
• Forgetfulness.
• Inconsistency.
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• Limited working memory.
• Inability to comprehend, retain, or recall large amounts of data quickly.

The most important goal in an expert system is to attain the high level of performance
that a human achieves in the same task. Acting like an expert system in this regard means
producing high-quality results in minimal time, usually by taking advantage of tricks of
the trade that come from years of experience at a given task.

Although the utilisation of expertise is of benefit to any undertaking, the quality of the
expertise must be of the required standard. The succesful gathering of this expertise is
paramount to the success of any expert system. Expertise consists of knowledge about a
particular domain, understanding of domain problems and skill at solving these problems.
Knowledge in any speciality is usually of two sorts: public and private. Public knowledge
includes the published definitions, facts and theories of which textbooks and references in
the domain of study are typically composed. However, expertise usually involves more
than this public knowledge. Human experts generally possess private knowledge that has
not found its way into the published literature. This private knowledge consists largely of
rules of thumb that have come to be called heuristics, (Hayes-Roth et. al. (a), 1983).
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Components of an Expert System

As already stated, an expert system and a knowledge base are one and the same entity.
However, for the purpose of this discussion, the expert system is divided into two
constituent parts; an inference engine and a knowledge base. There are in fact four
essential components of a fully fledged expert system :

1. The knowledge base.
2. The inference engine.
3. The knowledge-acquisition module.
4. The explanatory interface.

These four modules are shown in Figure 4,1.

The knowledge base contains facts and rules. It is here that the knowledge or expertise is
stored. As discussed earlier this knowledge can be public or private. In most cases an
expert system’s success will depend on the quality of it’s private knowledge. This private
knowledge is usually based on experience and/or intuition. The software that controls the
reasoning operations of an expert system is known as the inference engine. This is the
part of an expert system that does most of the work during run-time, it is here the
expertise within the knowledge base is implemented. This is often in the form of search
routines or number crunching, and often in a conditional format (using IF-THEN
statements). The acquisition model is often the most difficult part to complete. This is
where the knowledge is gathered originally. Acquiring the knowledge can be done in a
number of ways, but it often arrives in a form which is unusable for a computer. The
fourth component is the explanatory interface or the user interface. This is the vehicle
that allows the user to utilise the expert system and is therefore extremely important.
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A Methodology For Building Expert Systems.

Because it takes experimentation to achieve high performance, an expert system evolves
gradually. This evolutionary or incremental development technique has emerged as the
dominant methodology in the area of expert systems. The procedure of extracting
knowledge from an expert and encoding it in program form is called knowledge
acquisition. The transfer and transformation of problem-solving expertise from a
knowledge source to a program, is the heart of the expert system development process.

The burden of uncovering and formalising the expert’s knowledge is the responsibility of
the knowledge engineer. Through an extended series of interactions, the knowledge
engineering team (the knowledge engineer and the expert) defines the problem to be
attacked, discovers the basic concepts involved and develops rules.

Table 4.1 summarises the major stages in the evolution of an expert system.

During identification, the knowledge engineer and expert work together to identify the
problem area and define its scope. They also identify the participants in the development
process (additional experts), determine the resources required (time, computing
facilities), and decide upon the goals or objectives of building an expert system. It was is
during this stage that the objectives for this project were outlined.

Table 4.1

Stages in the evolution of an expert system

Identification :

Determining problem characteristics

Conceptualisation :

Finding concepts to represent knowledge

Formalisation :

Designing structures to organise knowledge

Implementation :

Formulating rules that embody knowledge

Testing :

Validating mles that embody knowledge
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During conceptualisation, the expert and knowledge engineer explicate the key concepts,
relations and information-flow characteristics needed to describe the problem-solving
process in the given domain. They also specify subtasks, strategies and constraints related
to the problem solving activity. This stage involved deciding what was to be required of
each element of the expert system in order to get it to attain its’ objectives.

Formalisation involves mapping the key concepts and relations into a formal
representation suggested by some expert system building tool or language. The
knowledge engineer must select the language and with the help of the expert, represent
the basic concepts and relations within the language framework. This element involved
deciding upon the software tools necessary, and how the system would look.

During implementation, the knowledge engineer combines and reorganises the formalised
knowledge to make it compatible with the information flow characteristics of the
problem. The resulting set of rules and associated control structure define a prototype
program capable of being executed and tested. It was during this stage that all the
gathering of knowledge and experise was carried out.

Finally, testing involves evaluating the performance of the prototype program and
revising it to conform to standards of excellence defined by experts in the problem
domain. Typically the expert evaluates the program’s performance and assists the
knowledge engineer in the forthcoming revisions. The system was now ready for testing,
this was carrid using the database seen in Appendix C, and the rules stored in Appendices
D and E. I'he plan that evolved from the system was then checked for both correct format
and logic.

In summary, an expert system evolves by proceeding from simple to increasingly harder
tasks, improving incrementally the organisation and representation of knowledge (HayesRoth et al. (b), 1989).
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Possible uses of Expert Systems

Fenves states that “Expert system technology has provided an intellectual framework for
addressing heuristic problems in several engineering fields that could not be successfully
approached with conventional programming techniques based on well structured,
algorithmic formulations”, (Fenves, 1987). In simple terms, this means that expert system
are capable of solving problems that could not be resolved using mathematical
techniques. Instead a set of rules are used based on past experiences.

Section 3.2 shows how project management software packages have benefited the
constaiction industry in a number of ways. An expert system could expand these benefits
resulting in quicker, better and more consistent plans. Organisations could then use such
systems to improve their designs and their estimates of required costs and project
durations. Contractors could use these aids to develop better plans more rapidly and at
less cost. Reducing planning costs is particularly important because many plans are
developed for bids that are never won. Another advantage in reducing planning time, is
that experts could be freed to carry out other tasks, in particular tasks that require human
decision making capabilities.

According to Fine, (Fine B., 1987), “The estimating and planning tools in use in the
construction industry, for the last few score years, are failing too regularly for
comfort..... Almost every major project fails:- Motorways,'Ports, Tunnels, Dams, Power
Utilities, Ships, Military Installations, Space Stations, Aircraft and Chemical Plants fail to
be completed according to estimate....... A wrong conceptual model of a process will
almost certainly lead us to wrong decisions. A better conceptual model of a process will
not necessarily lead to better decisions, but it is our best and only hope of getting them”.
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Previously Developed Systems

The following sections review three previously developed systems. The reviews show the
main points of interest of each system. These three systems are project management
based expert systems. They highlight some of the important landmarks in the
development of such systems to date. Although expert system have been in development
since the 1960’s, the whole area of expert systems and project management is still very
much in its infancy stage.

4.4.1.1 Construction PIa nex

Zozaya-Gorostiza et. al., (Zozaya-Gorostiza (a), 1989), describe an expert system called
‘Planex’ which they have developed over a number of years. As the name suggests
Planex (i.e. PLANning EXpert) is a planning tool, which in this case aids the construction
and manufacturing industries. Zozaya-Gorostiza et. al., have advanced their general
Planex program and created two more advanced packages to deal with two specific areas

1. CONSTRUCTION PLANEX ; An Expert System for Construction
2. HARNESS PLANEX : An Expert System for Electrical Wire Harness

Construction Planex is a stand alone planning tool; i.e. it isn’t an add on to an already
existing project management package. One major drawback of it’s stand alone capability
is that a graphical representation of the plan is not available and instead numerous tables
of schedules are produced. Another disadvantage with this tool is that it can only cater for
three types of precedence, it doesn’t allow Start-Finish relationships.

Construction Planex does, however, introduce the idea of built-in schemes with activity
breakdown and precedence allocation within the schemes. A scheme is simply another
name for a group or sub-group heading. Under each scheme/group there is a list of all the
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tasks needed to complete that scheme. Construction Planex can plan for the excavation
and erection of the following :

1. concrete column footings,
2. concrete or steel beams,
3. concrete or steel columns,
4. concrete or steel diagonals (bracing),
5. concrete floor slabs.

Construction Planex also deals with the idea of developing a WBS in a different manner
than usual. Instead of breaking down a project into it’s constituent parts, using a top
down strategy, it operates using a bottom-up tactic. Starting with an element activity at
the bottom of the tree it creates parent schemas successively until the top of the tree is
reached. Three steps are performed repeatedly to achieve this :

Step 1

Create the name of the immediate parent schema in the element
activity tree by trimming the last identifier (similar to WBS code)
from the name of the daughter schema. For example if there was a
daughter with an identifier of 1.12.3 then its parent would be 1.12.

Step 2.

If the parent schema does not exist create it.

Step 3.

Associate the daughter element activity schema to the parent
schema.

Disadvantages of this system are that the user has to know the exact the number of levels
which the project is going to be broken into for in every branch. Also, there is no method
of allocating precedence because there is no information to aid this. Of the built-in
schemes they only have precedence within the schemes and no inter-dependencies across
the project. There is no flexibility available within a scheme, it’s a case of take it all or
none. That I sto say you either accept all of the task within a group or else accept none. If
the user wishes to allocate precedence, this will only be done between tasks within a

54

Chapter 4

Expert Systems

group/scheme, so there is no links developed between tasks from different schemes. This
‘problem’ will also be seen to exist in the next two packages.

One other interesting aspect of Construction Planex is it’s attempt to deal with estimating
durations (See Section 5.6).

4.4.1.2 Builder

Builder is a system developed by Cherneff, Logcher and Sriram, (Cherneff R.L. et. al.,
1991), aimed at integrating CAD with Construction Schedule Generation. A schematic
view of the Builder system is shown in Figure 4.2. The right-hand panel depicts the
permanent storage containing the Builder system’s programs, knowledge, and data bases.
The left-hand panel shows the temporary memory containing various components of the
problem and solution states. The Builder system consists of two main knowledge
modules (KM’s) :

1.

Draw, for creating and interpreting architectural floor plans,

2.

Planner, for construction planning.

Builder has incorporated the use of the AutoCAD to aid the drawing aspects of the
package. The arrows in Figure 4.2 depict the flow of information between the modules of
Builder. The following sequence describes a typical scenario :

1.

The draftsman selects objects to place in the drawing.

2.

As the drawing is built, the Draw module works in the background
identifying the elements and creating a semantic network representation
(SNR) of the drawing.

3.

The SNR is supplied to the Planner module.

4.

From the SNR the Planner KM generates a network of tasks linked by
precedence relations; this network is the project network.

5.

Various reports can be generated, e.g., a CPM bar chart.
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In a similar fashion to Construction Planex, Builder has built in modules with precedence
associated solely within an individual module. Builder has also introduced an expert
system type facility for checking the logic of the generated plan. As the user creates the
drawing with the mouse and menu in the graphic window, the system extends the SNR in
the background. Each time the user selects a component from the main menu, a procedure
creates a graphic object and a corresponding SNR object. An example of the expert
knowledge used in Builder is the way in which it deals with walls and doors.

The Draw system manages the following constraints on doors:

1.

A door can only exist in a wall. Attempting to place a door in open space
will signal an error.

2.

When a wall is moved the door moves with it, but the door can be moved
within the wall.

It is the introduction of this type of expert knowledge that gives Builder it’s importance.

One disadvantage with the type of built-in modules provided by both Builder and
Construction Planex is the absence of flexibility. For instance, if it was required to build a
wall with a sheetrock finish. Builder would initially break it down into it’s constituent
parts as seen in Figure 4.3 (a) and then allocate precedence relations as in Figure 4.3 (b).
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The problem with this type of expert WBS generation is with flexibility. There are no
facilities available to construct the above wall, for example, without ordering the framing
wall. Builder insists on using the complete built-in module. The only way around this is
to generate the module yourself which is effectively not using the expertise. In addition,
to generate your own module you have to use a different symbol for ‘wall’ in the
drawing, so that Builder does not self-generate the plan, imposing its own wall block.
This then would result in the drawing becoming more obsecure, due a different symbol
having to be utilised for ‘wall’.

It is however, primarily a drawing package, with the project management functions seen
as an add-on.

4.4.1.3 Guide Maker

Guide Maker has been developed by Symantec as an add-on to Time Line. Released in
1995 it costs an additional £70. Guide Line has both built-in projects and the ability to
add on more ‘built-in’ projects. Guide Line works on a questions and answers basis. For
instance the first query posed to the user is to pick a guide from a given list. This list
includes guides such as :

• Consulting
• LAN Implementation
• Marketing Plan
• Office Relocation
• Party Planner
• Residential Construction

So for example if ‘Residential Construction’ was chosen the next question asked is to
choose a size for a crew. The guide then continues asking the user to choose from a few
options,

e.g.

Large

House,

Average

House

or

Small

House

(Symantec, 1994). It continues in this manner until all queries are answered. The problem
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with this type of WBS generation is that only pre-loaded solutions can be chosen. This
limits the usefulness of the package. However, it is useful for personnel not familiar with
planning projects. The advantages of this type of system are questionable, because, surely
it unwise to have a non-expert managing a project.

4.5

Conclusion

Construction planning decision making tools can make planning a less painful and time
consuming task. Firstly, they have the capability to free experts for the work which
essentially requires human decisions, and secondly, the can improve the communication
and consistency of expertise amongst the personnel involved in the construction industry.
However, there has been a lack of flexibility evident in the systems developed to date.
The solutions available are either black or white, i.e. to be accepted or rejected. It is these
restraints that limit a designer and fails to offer flexibilty. This work is concerned with
the development of a similar type of expert system. Instead of constraining the user, the
system will offer more flexibity while still maintaining sufficient expertise to assure
quicker, better, cheaper and more consistent plan.
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5.1

Introduction

The expert system developed during the course of this work is called Work Breakdown
Structure Generator (lA/BSGen). iVBSGen is based on the obvious notion that there is often
repetition and adaption from project to project. WBSGen allows the user to avail of project
expertise, good practice and rules of thumb based on knowledge gathered from experts in
the planning sector. The system will then prompt the user for information about the project
he/she is about to begin and then will provide the user with exhaustive list of tasks from
which the user can generate a complete WBS, On completeion of the WBS generation an
opportunity will be provided to resolve potential conflicts between tasks, i.e. conflicts
based on historical expertise that suggests that some tasks are not usually seen to occur in
the one project. WBSGen also offers the user the oppurtunity to allocate a suggested
precedence plan. The result is a detailed project outline that will be interfaced with
Microsoft Project ready for managing. lA/BSGen can be considered an add-on to existing
project management software, linked via a graphical user interface (G.U.I.). This chapter
initially outlines the methodology of how a developer designs a new system. It proceeds to
explain the concepts behind each of the elements of the expert system, and then goes on to
describe how each element works. Attention is given to a number of different methods that
users can employ to help them estimate activity durations.

5.2

System Design

When developing a system, the analyst must seek to design a system to specific
requirements and still remain friendly to its end-users. Classically there are seven different
design and integration stages as depicted in Figure 5.1 (Whitten J. L., et. al.,

1994).

Notice that the activities appearing in Figure 5.1 have been divided into two parts
- general design and detailed design. General design includes those activities that serve to
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develop an outline of the overall design of the target .system. The detailed design
activities are those activities that focus on developing the detailed design specifications
for components in the outline. The activities are generally completed in a clockwise
sequence from the top - beginning with general design. There is provision to overlap
activities or return to any previous activity.

The three design elements in the general design sector are carried out at the beginning of
every project. These are concerned with deciding; what is needed, how to get it, in which
format it is needed and who needs it? In this work the gathering of the information was
done primarily through brainstorming, in the main in consultation with Mr. Ger Shelly,
Project Manager, Project Management Ltd., Loughmahon Tech. Park, Blackrock, Cork,
Ireland.

The remaining four design elements are concerned with the development of the system
itself. The remainder of this chapter deals with these stages, although not strictly under
the same headings. For instance, although Figure 5.1 shows the design elements this
chapter presents both the design elements and ultimately the final implementation of
those designs. For more information on design and integration phase activities see
Whitten et. al. 1994 pp 485 - 490.
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Work Breakdown Structure Generator (WBSGeN)

As seen in Section 4.4 an expert system can have numerous advantages in the planning of
any project. The system developed is aimed primarily at generating a correct WBS, hence
the name given to it is WBSGen derived from Work Breakdown Structure Generator. The
complete listing of all the activities at the beginning of any project is arguably the most
important element in defining a project. iVBSGen will reduce the need for designing,
brainstorming etc. This will thus reduce the level of resources utilised at the planning
stage.

Additional to the generation of the WBS is an expert shell that searches for potential
conflicts that may have been neglected. An opportunity is then presented to the user to
resolve any conflicts, with a suggested solution prompted. Finally a choice is given to
allocate a suggested precedence plan.

The developed software operates as shown in Figure 5.2. The user activates the software
by double clicking on the program icon. On entering the system the user will continually
access the database via the G.U.F. The information accessed will depend on the stage of
the expert system that has been reached. When the user is satisfied, the system will open
up Microsoft Project and import the developed plan, ready for controlling.
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How WBSGen Operates ?

An expert system is an information system application that captures the knowledge or
expertise of a specialist and then simulates the ‘thinking’ of that expert. In order for the
system to work efficiently all of the expert’s knowledge will have to be captured.

For WBSGen to be effective a comprehensive database will have to be developed. In order
for the system to run efficiently the optimal storing of the information is vital. Expert
systems require a large amount of database-knowledge, and for this project the
knowledge base was built by interviewing experts and the results stored in a database. A
sample database suitable for the construction of most building types was generated with
Mr. Ger Shelly. An abbreviated example of this database is shown in Figure 5.3 and the
complete database is presented in Appendix C. This database contains a complete listing
of tasks required for the construction of most stRictural buildings, i.e. from a cow-shed to
a factory.

In order to have a more useful expert system it is envisaged that eventually many project
types could be catered for. However as already stated, to date only the database for the
construction of structures has been developed.

In the following sections it is proposed to demonstrate how each of the components of

WBSGen work. There are three main components, namely :
1. WBS Generation
2. Conflict Resolution
3. Precedence Allocation

Once these components have been completed the project plan will be almost fully
developed and ready for implementing, apart from duration estimation. All that is left at
this stage is to import the information into Microsoft Project so that the project can be
managed, monitored and controlled.
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Sample of the knowledge database
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5.3.1.1 WBS Generation

The initial portion of l^BSGen is concerned with the generation of a structured list of tasks.
While developing the database a decision had to be made as to what level of breakdown
that the database would go to. The rule decided upon, in consultation with Mr. G. Shelly,
was that “the smallest activity worth planning is at a level which one trade/skill can
complete the activity”.

As soon as it was decided to go to this level of detail, it was immediately evident that
differences exist between this system and previous attempts at developing similar software.
Past efforts have concentrated on using complete blocks that were not flexible. That is to
say the user either accepts all of the block or none.

To date expert systems that aid the generation of a WBS have relied on making the user
choose complete sets of blocks of tasks in their entirety. In WBSGen, due to the fact that
the user is choosing the activities at the lowest level, (i.e. a level far lower to previous
systems ) far more flexibility is available. It can be argued that this is not necessarily a
good thing as it makes the user do more work, but this is catered for by the availability of
a button to ‘Accept All’ if required.

Another ‘drawback’ of going to a level so low is that the user now has to recognise and
select exactly what tasks he/she requires to complete the project. But if this is not the case,
then it can be argued that the user is then not proficient enough to be in charge of
managing the project and shouldn’t be doing so. So rather than developing a tool for
training, this system is aimed at saving people with planning experience time when
generating a WBS. In summary, the advantage of this type of system is its flexibility in that
any combination of activities or tasks can be selected.
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The Tree

As seen previously it is hoped that WBSGen will eventually be able to cater for many
different types of projects. It is therefore necessary to provide a system to allow for the
easy access, and logical progression through the database.

In a similar fashion to the method by which a project is broken down into its constituent
parts, all projects could be visualised as subsets of a bigger discipline, and these
disciplines in turn as subsets of a sector of industry. This could continue until every type
of project is included. Of course project management is not suitable for all projects and
therefore the scope of its use can be seen to be reduced. Figure 5.4 shows ‘The Tree’,
which is an idea for the breakdown of every manageable project into a hierarchical type
categorisation, as adapted from Florner et. al., (Horner R.M.W. et. al., 1989).

d'he database that is suitable for a given project will depend on the route chosen by the
user as he/she descends the tree. It is envisaged that the system will be able to deal with
civil, procurement and process planning type projects. However, the initial development
has concentrated in the area of Civil Engineering. Figure 5.5 shows a ‘blown up’ section
of the tree as seen in Figure 5.4. For example, as seen in Figure 5.5 if the user chose the
highlighted path

Construction

Implementation

Structural

Buildings

he/she would access the aforementioned database in Appendix C. For the remainder of
this chapter and chapter 6, this database will be used for all of the examples for
generating a WBS.

69

Chapter 5

The Developed System

0

0
o
bO
OJ

+->

-

1
1
1

o
oa)
’o'
V-(
o.
4->

1

o
'-S

o

03
<D

s

lO

o
13
_b0
V-H

-

1

1
1

12

4D
70

Chapter 5

The Developed System

(V
<D
V-H

H
o
<D

B03
c/ti
c
(U

Vi

p

71

Chapter 5

The Developed System

Figures 5.6 (a) and 5.6 (b) illustrate how this portion of iVBSGen works. Figure 5.6 (a)
demonstrates how the user ‘ripples’ down through the tree to arrive at the correct databse.
The route taken on this occasion is the same route as illustrated in Figure 5.5, resulting in
the use of the database given in Appendix C. Figure 5.6 (b) shows the system by which
the user generates the WBS having found the appropriate database.

When the user enters WBSGen, he/she will be required to guide the system to the type of
project he/she is concerned with. This process is actually the same as descending through
the tree. As seen previously the top of the Construction Tree has four branches ;

1. Design
2. Purchasing
3. Implementation
4. Commissioning

The user will be prompted to choose which sector suits his/her project. Upon selection
he/she has effectively chosen which branch they want to go down. For instance if
‘Implementation’ was chosen in this instant, the next option available would be to choose
one of the following ;

1. Travel
2. Structural
3. Services

Again the user makes a suitable choice and proceeds. If ‘Structural’ is chosen the user
now is presented with the choice of either a ‘Wall’ meaning boundary or a ‘Buildings’
meaning a staicture. If the option taken is ‘Buildings’ then the user is at the bottom of the
tree.
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Select Discipline
Construction

Procurement

1

Industrial

Select one of the available
branches:

V.

•
•

Design
Purchasing

•

Implementation

•

Commissioning.

Upon Choosing
“Implementation’
for example
^ Choose one of tlie
following areas:
• Sendees
• Structural
• Travel
Upon choosing
“Structural” for
example
Choose eitlier of tlie
following:
• Buildings
• Wall
Upon choosing
“Buildings” for
example
Access tlie
appropriate
Database

Figure 5.6 (a) Generating the WBS
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Figure 5.6 (continued) (b)

Generating the WBS
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The path to date is :

Construction ^ Implementation ^ Structural

Buildings

Tables in the database are labelled according to the route taken. Therefore this path
should indicate which table to access within the construction database. In this case it will
be a table titled :
“Construction_Implementation_Structural_Buildings”
On opening this database, lists of Groups, Sub-Groups and Tasks will be available to the
user.

Generating the WBS

On finding the way to the appropriate database the user must now take the information
he/she requires from it. Figure 5.6 (b) illustrates the method by which this is carried out.

On accessing the database the user will have a list of groups of tasks associated with the
point reached presented to him/her. It has been assumed that the user, in most cases, will
need some of the data from most of the groups. For this reason, the default option will be
for the user to select all of the groups. The user is therefore required to de-select the
groups that he/she does not require.

A list of the groups selected will then be recorded. The sub-groups associated with the
group at the top of the list will then be presented. Figure 5.7 shows a schematic of how
the package will look at this stage.
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Once a sub-group heading is chosen from the available list in the top-left hand box in
Figure 5.7, the tasks associated with this sub-group are immediately visible in the box
directly underneath. A choice will now have to be made on how many of the tasks are
required. This choice can be completed using the following ;

• Accept
• Accept All
• Reject
• Reject All
• New

On the first occasion that the user selects a task from a sub-group, both the group heading
and sub-group heading are added to the top of the list been generated on the right hand
side of the form. The selected tasks from that sub-group are then added on to this list
immediately below the sub-group’s heading. For each subsequent sub-group, if a task is
selected, the sub-group heading and selected tasks are added onto the end of the list. It is
by this method that WBS are usually generated. This continues until the user has chosen
all the tasks required from the group in question.

The group is then deleted from the group list, resulting in a new group being on the top.
Its sub-groups are now presented and the cycle continues. This continues until all of the
groups chosen have been dealt with. Once this has been completed there is enough
information to have a complete WBS, WBS Code and the correct level of indentation.
This would look similar to the listing of the WBS as seen earlier in Figure 2.5.

At this stage of the proceedings it is necessary to create a record of the list being
generated.
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5.3.1.2 Writing to the Databases

As the user works through the expert system, decisions and choices will have to be made.
It will therefore be necessary to store all of these responses for use later in the
programme. As WBSGen is aimed at working with Microsoft Project it is therefore
necessary to store the information in a format that is useful to Microsoft Project.

Microsoft Project stores all the information for any project in a database. These databases
are of a standard format no matter what the project and can be accessed using a Microsoft
Access type database engine ( i.e. *.MDB and *.LDB files ). Every project has its own
unique database associated with it. The database consists of four linked tables :

1. Project
2. Resource Assignments
3. Resources
4. Tasks

When entering information to a project at the initial planning stages, i.e. entering the
WBS and allocating precedence, all the information is written to the ‘Tasks’ table. The
‘Resources’, ‘Resource Assignments’ and ‘Project’ tables are then written to as resources
are allocated, baselines set, etc. Therefore the expert system will be concentrating on
writing to the ‘Tasks’ table. This is not to say that only the ‘Tasks’ table is required.
Microsoft Project will not operate unless it has all four tables in the correct format. A list
of the field names, data types and field properties of each table are given in Appendix F;
note that all other field property information is left blank apart from “Required” which
should read ‘No’ in all cases.

Because every project’s database has the same format of database, with identical
properties at the initiation stage, a template of this design was made and stored. These are
stored as :
“C:\BOC\ TEMPLAT.MDB”
“C:\BOC\ TEMPLAT.LDB”
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On starting the expert system these files were simply copied from “C;\BOC\” to
“C:\BOC\STORE”. The files in “C:\BOC\STORE” were then in the correct format and
ready for editing, so the relevant information, as dictated by the user operating the system
was written to these files throughout. When the user saves the developed project plan in
Microsoft Project, he/she will be prompted for a project filename ( i.e. *.MPP), and will
be able to allocate a name and position in the directory of their choice.

So far in Section 5.3 we have reviewed the knowledge base, how to identify the correct
branch within the knowledge base and where the information extracted from it is stored.
The remaining two elements of the expert system now need to be explained. These are :

1. Conflict Resolution,
2. Precedence Allocation.

d'hese will be explained in the next two sections and the differences between this expert
system and previous attempts will be highlighted.

5.3.1.3 Conflict Resolution

The next componenet of WBSGen deals with scanning the work which just been done, i.e.
the generated WBS, for potential mistakes. This is known as conflict resolution. It makes
more sense to carry out the conflict resolution first, as, there is no point in allocating
precedence to tasks that may later be removed or added to. One common feature of both
elements is searching the generated WBS.
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Search Routines
“But you can’t look up all those license
numbers in time, ’’ Drake objected.
“But we don 7 have to, Paul. We merely
arrange a list and. look for duplications “
- PERRY MASON (The case of the Angry Mourner, 1951)

All expert systems are search intensive. There have been a number of search routines
developed by various computer programmers in the past to try and make these intensive
searches more efficient. Branch and bound, pruning, depth first search, and breadth first
search are just some of the search techniques that have been used to search a databases.

Expertise concerning potential conflicts and suggested precedence has been gathered and
written in the form of logical Riles in the code of IVBSGen. In both conflict resolution and
precedence allocation the search routine will be aiming to fulfill the same criteria, i.e.
checking if the tasks selected in the generated WBS satisfy rules occuring in the gathered
expertise. If any of the task names associated with the rules match with the tasks in the
WBS generated, then the logic of this rule will be presented to the user, who makes a
decision based on suggestions taken from the coded logic. This process is then repeated
for every rule. It is therefore necessary to choose the correct search routine for the job.

It was suggested that a ‘Bubble Up’ or ‘Divide and Conquer’ type routine would be the
quickest way to search for matches. The problems with these routines are that Microsoft
Visual Basic does not have a command to the effect of ‘Goto Record X’, which is
necessary for these routines. A possible solution is the ‘Seek’ command in Visual Basic
which will inch its way down a list until it arrives at its destination. The limitation of this
command, however, is that it can only do this using fields that are primary keys. In this
case, since the selected tasks are already in a format suitable for Microsoft Project, we are
restricted to using the primary keys as defined in the Tasks table of Microsoft Project
(See Appendix F).
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These primary keys are ;

• Project Key,
• Project Version,
• Task ID.

Therefore, if the ‘Seek’ command is employed, each task in the library of tasks would
have to be given its own unique identifying number. This number would then become the
Task ID within the selected database, if that task is selected. A comparison would then be
required between task numbers in the original library of tasks and the Task ID’s in the
database of tasks. This, however, would result in code that is not readily understandable.
(It is desirable that the code is readily understandable, in order to facilitate future
developments of the system). It would also be necessary to re-number the selected tasks
in chronological order, otherwise, Microsoft Project will leave gaps in the plan (in the
form of undefined tasks) where Task ID numbers are missing due to non-selection from
the original library list of tasks.

It was therefore decided to use a ‘Sequential Search’ type routine. This algorithm simply
involves starting at the beginning of a list and searching for a duplicate in a second list. If
there is no match it then moves on to the next record and compares again. This process is
repeated until a match is found or the bottom of the list is reached. The main advantage
of this system is that, as task names can be compared, the code is more readily
understandable as it is immediately obvious which string is being searched for. This
would not be the case if ID numbers were used. The problems associated with Task ID
re-numbering, as outlined above, are also avoided, as is the potential problem of
renumbering all tasks in the knowledge base if new tasks are added. Also avoided is the
prospect of rewriting existing code if any new conflicts or precedence relationships are
added. If searching for ID numbers was implemented, and if new tasks were inserted,
then all of the ID’s after the insertion point would be altered and the code would have to
be adjusted to suit. Since knowledge about any subject is constantly growing and
changing, an expert system should be flexible in integrating new knowledge
incrementally into the knowledge base.
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The search routine used is shown schematically in Figure 5.8. This type of searching is
used throughout the expert system. A flowchart of the complete expert system is shown
in Figure 5.9. All searches in the system are done in a similar fashion to Figure 5.8.
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Figure 5.8 Sample Search Routine
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Resolving Conflicts

A list of possible conflicts was developed and these are available in Appendix D. These
‘Riles of thumb’ or constraints were gathered from the experts and written in the form of
rules. These rules were then placed in an empty shell within the expert system. The user
again has the choice whether or not to search for conflicts.

If the user chooses to search, the system searches the developed WBS for both sides of a
conflict simultaneously until either all the tasks involved in a particular potential conflict
are either found or else the end of the database is reached. If no conflict exists then
WBSGen begins the search for the next potential conflict. If both sides exist there is a
potential conflict. There are three different possible types of conflict.

The first type is a simple A NOT B, this is where A and B would not normally occur
together, e.g. ;
Steel Structure NOT

Reinforced Concrete Structure

The implication here is that, normally, a structure can be a “Steel Structure” or a
“Reinforced Concrete Structure”, but not both simultaneously. Thus, it is suggested to the
user that there is possibly a conflict caused by the unintenional selection of both tasks
together. This can be resolved in one of three ways ;

1. Remain Unchanged,
2. Keep A,
3. Keep B.

An assumption has been made here that the user, having some knowledge of the subject
area, will not want to get rid of both. However, the ‘expected’ combination of tasks is not
imposed on the user. As before, the user is free to carry out any customisation they wish,
including retaining what are normally considered incompatible tasks.
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The next type of conflict is a situation where two of the following usually would not
occur together, i.e. A or B or C or D or E etc. An example of such is shown below :
Felt, Battens & Slates
Felt, Battens & Tiles
Uninsulated Profiled Steel Sheeting

CHOOSE ONE ONLY

'Built Up’ Roof
Asphalt Roofing

This is resolved by getting the user to select the activities or activity groups that he/she
wishes to remain.

The third type of conflict is a situation where A doesn’t normally occur with B or C or
D or E etc. An example of such a case is ;

Precast Concrete Portal Frame Structure

NOT

Reinforced Concrete Floors
Precast Concrete Floors
Steel Flooring
Steel Roof Structure
Timber Roof Structure

This is again resolved by getting the user to choose the activities or activity groups that
he/she wishes to remain.

If opposing sides of a conflict are found during a search, this implies that there is a
potential conflict. The conflict type is then presented to the user, as seen previously, and
the user is given an opportunity to resolve it. The user, as usual, has the option
throughout whether to impose the suggested conflict resolution or not. This was decided
upon in order to provide flexibility. Though it may seem ill-logical to do so in some
cases, the final decision should always rest with the manager, not the software engineer.
There are never definitive answers and all project management software should be
flexible to cater for this.

If the user prefers not to utilise the conflict search routine, the option to do so is
available. This is illustrated in the flow chart for WBSGen as seen in Figure 5.9 (b). Once
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the conflicts have been resolved or skipped the next part of the system is entered. This is
allocating precedence to the generated WBS ( See Figure 5.9 (c) ).

5.3.1.4 Precedence Allocation

The question of precedence should be addressed at this stage. Precedence scheduling is
normally carried out at the lowest level within the project WBS. Since the lowest level is
the one to be arrived at last in the case of WBSGen, the detailed precedence allocations
could not take place until the user has a fully customised and defined WBS. Existing
software requires that the precedence relationships are manually entered by the user
during activity definition.

There are a few instances in Appendix C where arrows are evident indicating precedence
constraints. These are only a sample of the developed precedence constraints; a complete
listing of the constraints and constraint type is presented in tabular form in Appendix E.
The precedence is allocated at the lowest level. The developed list contains links between
any two tasks, if and only if it is the norm for a link to exist between the tasks. The type
of link between the two tasks is also documented (i.e. Start - Finish = S-F, etc. ).

The manner in which WBSGen differs to previous systems is that precedence allocation in
this system can occur between activities from different groups/headings. That is to say, it
would be possible to have a task under the ‘Foundation’ group linked to another task
from a different group, say, the ‘External Walls’ group. Where precedence has been
tackled in existing systems, precedence was only allocated within groups. In other words
if the complete group was chosen, which previously had been the only choice (apart
from choosing none), then precedence could be allocated only within the group.
Therefore, these systems offer no linking between groups and often only a small portion
of the precedence is completed.

What has been developed in this system (See Appendix E) is a suggested precedence that
is the norm in most cases. The user is given the option of either applying the suggested
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precedence or establishing their own precedence relationships manually as before. If the
users accepts, the system will automatically search for activities and their suggested
precedence ‘partner’. If a predecessor and its successor are found the suggested
precedence type is allocated between them.

A flow chart of the precedence search can be seen in Figure 5.9 (c). The system checks
first if the group heading exists. If it does exist, iVBSGen then proceeds to check whether
or not the predecessor task was chosen. If it was chosen, then it searches the complete
developed WBS for its usual successors. It is necessary to search the complete list, and
not just the remainder of the list, in case the user has chosen tasks in a different order to
which they were presented. If the predecessor task does not exist within the group, the
search moves on to the next possible predecessor task of that group, and searches the
group. This is done for the remainder of the group. This process is then repeated for
subsequent groups until all groups have been catered for.

Again, if the user wishes not to allocate the suggested precedence, that option is also
available. Once the precedence has been allocated or skipped the user will have a
complete structured WBS with precedence allocation. The next part of the expert system
is to import all of this information into Microsoft Project ready for execution.
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Figure 5.9 (a) Flowchart of WBSGen
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Figure 5.9 (continued) (b) Flowchart of WBSGen
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Figure 5.9 (continued) (d) Flowchart of WBSGen
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5.3.1.5 Exporting the Data to Microsoft Project

In order for the expert system to be a success, the information extracted from it has to be
in a useful form. As seen earlier all the data has been written to a Microsoft Access
database stored as “C;\BOC\STORE\TEMPLATE.MDB”. The data has been input as
governed by the guidelines for a Microsoft Project database as seen in Appendix F. It is
therefore now necessary to import this data into Microsoft Project.

This

is

done

by

running

the

Microsoft

Project

execution

file

(i.e.

“C:\WINPROJ\WINPROJ.EXE”). Once Microsoft Project is running a macro called
“Open Project from Database” is executed. This is done by having assigned hot-keys, in
Microsoft Project, to run this macro. It is then simply a case of sending key strokes from

WBSGen to Microsoft Project which are equivalent to the hot-keys that run the macro. The
user tells the computer which project is to be opened from which database (i.e.
“C:VBOC\STORE\TEMPLATE.MDB”).

This is achieved by copying the string

“C:\BOC\STORE\TEMPLATE.MDB” to the clipboard, and again sending the equivalent
key-strokes that will paste this string into the ‘Open’ field. It is now necessary to send
two ‘Return’ strokes to Microsoft Project to finally open the project. All of the above is
completed within the expert system on the press of one button.

At this stage the project plan will be in front of the user in Microsoft Project format. As
soon as the user goes to save the project he/she will be prompted for a file name (i.e.
*.MPP ) and file location. From now on the project can be run normally from within
Microsoft Project. Durations must be estimated to establish the correct project time scale.
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Estimating Durations

Activity duration estimating involves assessing the number of work periods likely to be
needed to complete each identified activity. The duration of work elements is central to
the scheduling process. It will not only determine the start and finish of a given work
element, but will also determine the earliest start from the cumulative duration of the
preceding activities and the latest finish from the cumulative duration of the succeeding
activities. Ultimately, this will lead to the determination of the total project duration and
the identification of any float or critical path(s) that may exist.

Durations are often difficult to estimate because of the number of factors that can
influence them (e.g., resource levels, resource productivity). What is important is that the
person or group on the project team who is most familiar with the nature of a specific
activity should make the estimate. If such expertise is not available, the estimates are
inlierently uncertain and risky.

The Project Management Body of Knowledge (Project Management Institute Standards
Commitee, 1996) recommends that historical information should be used whenever
possible. Historical information is often available from one of the following resources :

• Project Files - one or more of the organisations involved in the project may
maintain records of previous project results that are detailed enough to aid in
developing duration estimates. In some application areas, individual team
members may maintain such records.
• Commercial duration estimating databases - historical information is often
available commercially. These databases tend to be especially useful when
activity duration are not driven by actual work content (e.g., how long does it take
concrete to cure, how long does it take a government agency usually to respond to
certain types of requests).
• Project team knowledge - the individual members of the project team may
remember previous actuals or estimates. While such recollections are useful, they
are generally far less reliable than documented results.
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However, the availability and lack of completeness of the historical knowledge often
results in a shortage of information, resulting in the incomplete definition of the durations
for the list of chosen tasks. Therefore a number of methods have been devised to cater for
this problem.

One such method is ‘Analogous Estimating’. Analogous estimating, also called ‘topdown estimating’, means using the actual duration of a previous similar activity as the
basis for estimating the duration of a future activity. It is frequently used to estimate
project duration when there is a limited amount of detailed information about the project
(e.g., in the early phases). Analogous estimating is most reliable when (a) the previous
activities are similar in fact and not just appearance and (b) the individuals preparing the
estimates have the expertise.

Another method employed is to estimate the duration by developing a relationship
between the number of personal and the amount of work. It is normally assumed that the
duration of work elements depends on the amount of work to be done and the number of
people available to do it. Nominally ;

^, X
Duration (days) =

Work content (man days)
Number of people available

However, it is always necessary to add allowances to this raw estimate of duration, to
calculate the actual duration. Turner (1993) suggests that these allowances are to account
for various factors, which include ;

• time lost through non-project activities,
• part-time working,
• interference between people doing the work,
• communication between people doing the work.

Turner argues that time lost through holidays, sickness, training, bank holidays, meeting
etc., results in the average worker being available only the equivalent of 70% of the
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working time. To allow for this 40% is added to the nominal duration (1.4 = 1.0/0.7).
Time lost due to interference, both physical and communication will also have to be
allowed for and quantified somehow. The interference value will always vary between 0
and 1 depending on the work being done. Where 1 implies no interference and a value of
0.5 would indicate that a worker is being prevented from doing his/her work 50% of the
time. Hence, for work-dependant work elements :

Work content (man days)
1
Duration (days) = 1.4 x ---------------------------------------------- X----------------------Full - time equivalents
Interference

Another method used to compute the likely times for activity durations involves the
generation of three ‘times’ for each activity. These are known as the “optimistic”, “most
likely” and “pessimistic” times. From these three times an expected time can be
calculated as follows :

Expected Time

_ Optomistic Time x 4 (Most Likely Time) x Pessimistic Time

The process for computing activity durations as used by Constmction Planex is shown in
Figure 5.10. First, the system computes the expected activity duration (in hours) by
dividing the total quantity of work by the number of crews allocated to the activity and
the standard productivity of each crew. Then the system divides the expected duration by
the number of normal working hours per day to obtain the expected activity duration in
days. Following this computation. Construction Planex eliminates fractional days if
overtime is permitted. (If overtime is not used, the duration is increased to one full day.)
Finally, the system subtracts the number of overtime hours from the estimated activity
duration in hours to obtain the number of normal working hours.
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Process for Activity Duration Estimation used by Construction Planex
(Zozaya-Gorostiza et. al. (b), 1989).
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Therefore, in order to incorporate a suitable method for determining activity durations, a
system would have to be devised which would contain a number of the above possible
techniques. The ideal technique would be using historical information, but this requires
an amount of intuition, that will have to be gathered/developed in the future. If
information is gathered concerning the duration of any one task, the user will always
have to provide data as to how his/her task relates in size to the stored information on that
task. When historical information is not suitable one of the other evaluation techniques
can be used, but whether these methods (due to the amount of information that would
have to be inputted) will actually aid the project manager in developing quicker and more
accurate plans is questionable. What has been done to date is to allocate a duration of one
day (this is the Microsoft Project default duration ) to each task and then user can adjust
these where necessary from within Microsoft Project.

5.5

Conclusion

In this chapter the developed system has been described. The system is capable of aiding
the generation of a WBS, searching this WBS for possible conflicts and resolving them,
allocating precedence to the developed plan and finally exporting all of this information
into Microsoft Project ready for managing. The advantages of the system are that it will
to a certain degree eradicate those time consuming and expensive elements of project
management. Another advantage of the system is the capability of the search routine that
checks for possible conflicts that may have been overlooked. This will hopefully lead to
the development of the correct WBS at this first attempt. These features will lead to more
efficient management of projects in the future. Finally, several methods for estimating
durations are explained and their potential/usefulness for programing are discussed. In
the next chapter the actual expert system is shown, with an example of how it works as
the user moves through it. The system will be demonstrated, with real-time illustrations
as it appears and operates.
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6.1

Introduction

This chapter demonstrates how the developed system operates and appears, using a
specific example. Details of how to use the program are outlined and the
consequences of any actions are explained. Each ‘window’ is dealt with separately
and all of the options open to the user are discussed. In the remainder of the chapter,
installation requirements and instructions are provided.

6.2

The Developed Program

The system developed was created using Visual Basic Professional Edition. The
entire program is activated via a G.U.I. which can be worked using a mouse. Any
button appearing in the program can be activated in one of two ways. For example the
button appearing in Figure 6.1 can be operated by ;

1. Clicking on it with the left hand button of the mouse pointer when it is
positioned above the button,
2. Pressing ‘Alt’ and the underlined letter together, i.e. “ ALT + T ”, in this
case.

I

Figure 6.1

Example of a standard button
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Any button will become highlighted as soon as the mouse is initially depressed above
the button in question. This will be indicated by a darkened border appearing around
the button and the caption on the button changing colour, e.g. the button labeled
‘Construction’ in Figure 6.2 (a) is in focus. If this clicking action is completed the
action associated with the button will be activated. A ‘form’ is the name given to a
window which acts as the interface to an application. Controls, graphics and messages
are added to a form to create the desired look.

6.3

Using the System

6.3.1

Descending the Tree

On entering the expert system the user will be positioned at the top of the ‘Civil
I'ree’, ( See Figures 5.4 and 5.5 ). The user will be welcomed to the system and asked
to choose from a range of options as seen in Figure 6.2 (a). .The options available are :

• Construction
® Procurement
• Industrial
• Exit

The user will choose the sector of industry, suitable to his/her project. If the user
wishes to leave the system, he/she can do so be pressing ‘Exit’ ( or by hitting
“ALT + E” ). Depending on the button chosen, the user will descend that branch of
the tree. For this example the user has chosen ‘Construction’.

Upon clicking the ‘construction’ button, the headings associated with the
‘Constmction’ sector will appear. These areas correspond with the level immediately
below the Construction ‘Bud’ of the tree as shown in Figures 5.4 and 5.5. These areas
can be seen in Figure 6.2 (b).
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Choosing ‘Exit’ at this stage will result in the user returning to the previous form,
where an opportunity will be given either to start again or to quit the program
entirely.

On choosing the area suitable to the project another set of options will be posed to the
user. These options relate back to the response given to the previous form. So if, for
example, “Implementation” is chosen the following sectors will be presented as seen
in Figure 6.3 (a) :

• Services
• Structural
• Travel
• Exit

If ‘Structural’ is chosen the user will have three options available, as seen in
Figure 6.3 (b). The user can ‘Exit’ which will return him/her to the previous form
(which is the branch immediately above this bud). Alternatively the user can choose
‘Build’ or ‘Wall’ which will enter different databases depending on the response.
‘Build’ signifies stmctures meant for occupation or storage, while ‘Wall’ deals with
barriers such as fences, walls, etc.

Using the previously suggested answers there is a choice of two tables within the
database depending on the answer chosen. The path chosen to date is :

Construction

Implementation

Structural

????

If ‘Build’ is chosen the table will be
“Constniction_Implementation_Structural_Build”
while if ‘Wall’ is selected the associated table will be :
“Construction_Implementation_Stmctural_WaH”.
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Therefore for this example, if ‘Build’ is selected, the complete path chosen (as seen
previously in Figure 5.5) will be :

Construction

Implementation

Structural

Build

This will result in accessing the table titled
“Construction_Implementation_Structural_Build”
which is the database developed in conjunction with Mr. Ger Shelly of Project
Management Ltd., as seen in Appendix C.

The user now has chosen his/her selected route and arrived at a suitable source of
information. It is now time to start developing the WBS.
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Developing the WBS

At this stage of the system the user has managed to identify the sector of the database
suitable to his/her project. He/she will now be given the opportunity to select the
headings relating to this project by choosing from a list task groups associated with
the previous route chosen. This list can be seen in Figure 6.4. It has been decided that
it would be the norm for the user to require at least one task from each area.
Therefore, the default values for this form are that initially all the areas are selected.
The user is then required to de-select the areas that are not required. An area is
selected if the check-box immediately to its left contains a cross. An area is not
selected if it’s associated check box is blank. Therefore in Figure 6.4, the following
areas are selected :

• Foundations/Substructure
® Main Structure
• Roofing

while the remaining areas are not selected because their boxes are blank.

When the user has decided and chosen the areas required he/she can proceed by
selecting ‘OK’. If the user has made a mistake he/she can return to the top of the tree
by choosing ‘Exit’.

As soon as ‘OK’ is selected the user will enter the next form as seen in Figure 6.5. It
is here that the list for the WBS is generated. This form has many different zones
contained within it. A schematic of this form was shown previously in Figure 5.7.
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This form will contain information on one logical group of the database at a time. For
the remainder of this discussion each area will be referred to as a ‘Group Heading’.
Each group heading in the database contains sub-group headings associated with the
group heading. And each sub-group heading has a list of tasks associated them. All of
the information for any one given group heading will be accessible within this form.

The group heading being dealt with at any one time will be visible in the title bar at
the top of the form on all occasions. For instance, in Figure 6.5 the group heading
being dealt with is ‘Foundations/Substmcture’, and can be seen in the title bar at the
top.

A list of the sub-groups associated with the group will be presented in the field at the
top left of the form. If this list exceeds the size of the field, the list will become a
scrollable list, with scrollbars appearing on the right hand side. Immediately below
this field is a field which displays a list of tasks.

The list of tasks appearing in this field are the tasks contained in the highlighted sub
group heading in the field immediately above it. In Figure 6.5, the sub-group heading
‘Piled Foundations’ is highlighted and the list of tasks associated with this are visible
directly underneath. These are ;

Set Out Piles
Excavate (Piles)
Piling
Steel Fixing For Pile Caps
Shutter Pile Caps
Install Holding Down Bolts For Steel (Piles)
Install Earthing Connections (Piles)
Pour Pile Caps
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The reason for some of the tasks having ‘(Piles)’ after them is to differentiate them
from tasks of a similar name that can occur in Pad Foundations and Strip
Foundations. For example, the task “Excavate” appears in the folowing groups:
1. Pad Foundations,
2. Strip Foundations ,
3. Piled Foundations.

Therefore to distinguish between the three different tasks the have been re-named,
respectively as seen below:
1. Excavate,
2. Excavate (Strip),
3. Excavate (Piles).
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The user is now able to access all of the tasks required to develop the required WBS
for his/her project. By selecting from the available tasks, the user generates a list of
tasks and subgroups which becomes the generated WBS. A list of the sub-groups and
tasks selected will appear in the large field on the right hand side. This list will grow
as more tasks are selected. There are a number of ways to develop this list.

If the user wishes to accept a task associated with a given sub-group then he/she can
do this in a number of ways. Firstly the correct sub-group has to be highlighted and
the task required be identified in the list appearing below. The user can now select
this task by highlighting the task with the mouse and then either ;

1. Clicking on the ‘Accept’ button,
2. Pressing “ALT + A” simultaneously on the keyboard,
3. Double-clicking on the task in question.

If the task being selected is the first task to be chosen from that sub-group then the
sub-group heading will be added to the end of the list being generated and the
selected task will be added immediately below this. If the task being chosen is not the
first to be selected from its’ sub-group then it will be simply be added to the end of
the list under the other tasks selected from that sub-group. Note that sub-group
headings will appears in ALL-CAPS format in the generated list, while tasks will
appear in a standard format.

If the user wishes to select all of the activities from a given sub-group, this can be
achieved a number of ways. (Remember that this is the sole method that was available
in previously developed systems as discussed previously in Section 4.4.1.) All of the
tasks could of course be chosen by selecting each one in turn until they all have been
selected. However, once the required sub-group that is required is highlighted, the
user can select the entire sub-group by one of the folowing methods.
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These are :

1. Clicking on the ‘Accept All’ button,
2. Pressing “ALT + L” simultaneously on the keyboard,
3. Double-clicking on the sub-group in question.

If at any stage the user wishes to reject a task from the list being generated this can
again be achieved in a number of ways. The user must initially highlight the task. It
can then be deleted from the list by one of the following actions :

1. Clicking on the ‘Reject’ button,
2. Pressing “ALT + R” simultaneously on the keyboard,
3. Double-clicking on the task in question.

Similarly if the user needs to reject an entire sub-group that has been selected this can
be achieved by highlighting the sub-group in question and doing either of the
following :

1. Clicking on the ‘Reject All’ button,
2. Pressing “ALT + T’ simultaneously on the keyboard,
3. Double-clicking on the sub-group in question.

If at any stage the user wishes to edit a task name, this can be accomplished by
highlighting the task in question within the developed list. This task will then appear
in an editing field immediately below the list (e.g. ‘Steel Fixing (Strip)’ is in the
editing field in Figure 6.5, this is below the developed list and immediately above the
‘Abort’ and ‘Continue’ buttons). The user can then change the name of the task by
typing the new name into this editing field. If the user needs to add an additional task
to the list being generated this can be catered for as well. The user must highlight the
task immediately below where he/she wishes the new task to be added ( this is a
Windows standard ). If the user then presses ‘New’ ( or “ALT + N”) a blank line will
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then appear in the developed list. The task name can the be added using the editing
field.

The user now has the capability to select all of the tasks he/she requires from a given
group heading. Once the user has selected the tasks required from any given sub
group and is content with generated list, the user must press ‘Continue’ (or
alternatively “ALT + C”). This list is then written to the database file for export to
Microsoft Project. Once ‘Continue’ is pressed the program then moves onto the next
group that was selected in the previous form. Tasks are then selected in the same
manner as previously. This cycle is repeated until all of the groups that were chosen
have been dealt with. If at any stage the user is unhappy with the groups chosen , the
‘Abort’ button will return him/her to the previous form where the groups were
selected, see Figure 6.4. The next portion of the expert system deals with conflict
resolution.

6.3.3

Resolving Potential Conflicts

At this stage of planning a project, the user has just generated a WBS for his/her
project. It is now necessary to check this plan to see if it is correct. The system
developed will scan the generated WBS for potential conflicts that it suggests from
experience that may cause problems. The user has the choice whether or not to carry
out this search. The form for executing the search is shown in Figure 6.6. There are
three options available :

1. “Search for Conflicts” - This will carry a search for conflicts,
2. “End Search” - This will jump to the next portion of the program,
3. “^uh” - Returns to the start of the expert system.

If the user elects to search for potential conflicts, the system will scan the generated
WBS for conflicts which it recognises. If a conflict is found the user will be given an
opportunity to resolve it there and then. There are two possible forms used to cater for
this. These are shown in Figures 6.7 and 6.8.
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Would you like to check for
possible conflicts that may
exist in your project?

Search for Conflicts

End Search:

fi.uit

Figure 6.6

Conflict Resolution
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Figure 6.7 will present the user with a conflict type of A does not normally occur in a
given project with any of the following, B, C, D or E etc. This will be presented as
shown, and the user prompted to check the groups/tasks that he/she wishes to remain
in the plan ( Note: UPPER CASE = SUB-GROUP, Standard Formatting = Task ).
The conflict resolution is not inflicted on the user, it is merely suggested. It is the
user’s prerogative whether to accept the suggestions or not.

This form (i.e. Figure 6.7) will also cater for conflict types such as ‘it is not normal
for A or B or C etc. to occur together’. These will all appear on the right hand side
with a message to suit appearing on the top. Again the user is prompted to check the
sub-group/tasks that he/she wishes to remain. Once this is done the user presses
‘Done’.

Figure 6.8 shows the form for resolving conflicts of the type A not usually occuring
in the same project as B. These can be resolved in three ways. It has been assumed
here that the user will not wish to delete both of the conflicts. The user will be asked
to click the ‘Option Button’ opposite the solution he/she requires. Only one option
button can be selected. If an option button is active and another one is chosen, then
the one that was active will automatically be turned off Once the user has decided
upon which selection he/she requires, they should select

‘Done’ to enter their

solution.

If a conflict is detected, the user will be given an opportunity to resolve it as just
described. Once the conflict is resolved the user will be returned to the ‘Conflict
Resolution’ form, i.e. Figure 6.6. The user can now search for more conflicts, end the
search or quit. If the user searches for more the cycle described will be repeated. This
will continue until all conflicts have been dealt with. At this stage the message will
change to “The search for conflicts is now complete. Please press continue.”. The
‘Search for Conflicts’ button will become invisible and the ‘End Search’ button will
read ‘Continue’.
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Once the user presses the ‘End Search’ or ‘Continue’ button, he/she will leave the
conflict resolution section and enter the precedence allocation module.

6.3.4

Allocating Precedence

At this stage of the program the user has generated a WBS and may have resolved
some possible conflicts that may have existed in the original plan. It is now time to
put a structure to this plan. A suggested precedence has been generated for each task
•%

in the master database. If the user wishes to allocate this precedence the program will
search the generated list for each task and its precedence partners, see Figure 6.9. The
link will be generated between the tasks and the specified precedence written between
them. The user again has the opportunity whether or not to allocate the precedence
plan or not.

By this stage all of the information gathered has been written to a database. There is
enough information now to open this plan in Microsoft Project and begin to mangage
it. This is achieved by pressing the ‘Continue’ button in Figure 6.10. This action will
open up Microsoft Project and export the generated database to it in such a manner
that it displays the generated plan. This is shown as it appears in Microsoft Project in
Figure 6.11.

This project plan can be saved at any opportunity, and an appropriate file name and
location are allocated.
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Figure 6.10

Precedence Allocation

Export to Microsoft Project

117

Chapter 6

WBS Generator

o
<u
Oh
t:
o
tn
O
o

cd
<u
ex
ex
cd

CQ
(U
•o’
ex
T3
(U
(-1

<U
a
<u
<u
H

VO
<U
;-i
e3

GiO

118

Chapter 6

6.4

WBS Generator

The System’s Requirements

The developed system is a windows based system and will run on any version of
Windows 3.x. The user will also require a fully licensed version of Microsoft Project
4.0 or later, installed on the C drive. The executionable file will have to be stored as
“C:\MSPROJ\MSPROJ.EXE” (this is the default location suggested by Microsoft
during installation). One other adaption will have to be added to Microsoft Project,
namely the inclusion of a macro. This will only have to be done once and is done by
completing the following instRictions :

1. Start Microsoft Project
2. In the ‘Tools’ menu goto ‘Record Macro’,
3. Give the macro any name and goto ‘Options»‘,
4. In the assign short cut key add a ‘j’ to the box ( i.e. the shortcut is
“CTRL+j”) and press ‘OK’,
5. Then in ‘Tools’ menu goto ‘Multiple Projects’ then ‘Open From Database’,
6. Click ‘Cancel’ then ‘Tools’ and ‘Stop Recorder’,
7. Exit Microsoft Project,

The user will need approximately 1.5 MB of free disk space to install the system. The
disk titled “Disk 1”, contains the necessary files and these will then have to be
installed onto the C drive. This can be achieved by going to the program manager and
running the file :
A;\INSTALL.BAT

The executionable file will then be stored as :
C:\BOC\PROJl\PROJECT.EXE
This can be run from the Program Manager or alternatively an icon can be assigned to
it and the program run by double clicking the icon. The icon seen in Figure 5.2 will
now be stored as “C;\BOC\ICON\PROJ.ICO” and may be used if desired.
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Due to the fact that only one database table has been developed for this prototype, it is
suggested that the user follows the path outlined in this thesis to see the full
capabilities of the system.

6.5

Conclusion

The user now has the capabilities and knowledge to install and use the developed the
system. The system included is limited by the fact that the developed database will
only cater for the construction of structures. This system’s engine will be able to cater
for more database tables when these are developed. It is hoped to develop a database
table for each bud of the ‘Tree’.
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7.1

Conclusions

During the course of this research, work has been undertaken in the area of project
management and associated computer software. A Windows based expert system
named

WBSGen

has been developed as a front end to Microsoft Project.

WBSGen

has

introduced successfully a number of unique facilities for aiding project managers,
namely ;

• A system by which a project manager can interactively generate a complete
WBS from an appropriate exhaustive list,
• A method by which the generated WBS can be checked for potential
conflicts between tasks and an opportunity given to resolve any such
conflicts.
• An algorithm which is capable of allocating a precedence plan across the
entire developed WBS based on historical information.

Once

WBSGen

has been utilised the user will have a structured plan. These facilities

then, will help generate structured plans more quickly, will aid in assessing the
integrity of any given plan and provide a list of all tasks which will need to be
completed for the realisation of any given project.

WBSGen will then

export this plan

to Microsoft Project ready for controlling. There will be no time lost, therefore, in
inputting the project plan to the software package. The risks associated with the
incorrect transfer of information are also been eliminated.

Although

WBSGen is still only a prototype, the methodology outlined in this work can

be used to provide solutions to projects of all types. It will be necessary to gather
expertise from other project areas, to staicture this expertise as logical rules and adapt
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the code to suit. In this manner, the library of available tasks will be greatly increased
and the system’s ability to handle many different project types enhanced.

The developed system, WBSGen has a number of benefits for project planners;
• By using past experiences and knowledge that has been gathered from
experts, and stmcturing this knowledge in a logical manner that can be
easily accessed, the exhaustive process of building a WBS from scratch can
be significantly shortened. The result is the faster generation of more
accurate plans and a reduction in errors such as the ill-defining or omission
of task(s), which can have serious implications for a project.
• Unlike previous attempts in this area, WBSGen does not force complete
blocks of tasks upon the user. Instead the user is free to customise by
selecting any combination of tasks that he/she wishes.

• WBSGen has also introduced the idea of checking generated task lists for
potential flaws. The system will search for tasks or groups of tasks that
would historically not occur together. Any conflicts that are discovered are
conveyed to the user and an opportunity to make changes is provided if the
user so wishes.
• Another development in WBSGen is that it can allocate precedence across
the entire list of generated tasks, where appropriate. Past attempts have
concentrated on allocating precedence only within blocks of specific tasks
and neglecting any links that should exist between tasks from different
blocks.

• WBSGen works in conjunction with Microsoft Project and is capable of
exporting the generated plan to this package. This eradicates the need for
the tedious inputting of the developed plan and checking that it has been
entered correctly. Therefore, experts will be freed to do other tasks as a
result of savings in both plan-development time and plan-input time.
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Recommendations FOR Future Work

At this stage the development of IVBSGen is still in its infancy. The system outlined in
this work is very much a prototype which needs to be expanded upon. In fact the
number of problems which can be addressed using project management techniques is
huge.

To date only one branch of the tree has been developed, therefore the need to gather
more information to cater for the other branches is obvious. In order to complete a
branch the information required will come under the following categories;

1. A complete listing and grouping of all tasks associated with the project type
which the branch in question represents.
2. A list of Riles which cater for any tasks or groups of tasks that normally
would not be seen to occur together.
3. A suggested precedence for all tasks based on historical information
gathered from experts or previous projects.

The above tasks can be completed by following the guidelines which have been
defined previously.

Therefore, the first piece of further work which should be undertaken is the
generation of a program which will aid in the development of individual branches of
the knowledge base. This program should present the user with a template of a ‘Blank
Forms’ where he/she can fill in the blanks with the new information to be added to
the knowledge base. This will erradicate the need for the user to understand how the
information is structured, as the new program will write the information to the
knowledge base in the correct format. A system such as this will attract more users
and the usefullness of IVBSGen should increase steadily. Similar templates can be
designed to accomadate the development of the rules required for the conflict
resolution and precedence allocation.
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To date when searching for conflicts, WBSGen uses information based on the idea of
checking for conflicts i.e. tasks that usually would not be seen to occur concurrently.
A similar algorithm should be employed to check developed plans for tasks that have
been omitted, but which are usually present alongside the other tasks chosen. This
will involve meeting with experts and gathering necessary information.

Another development which might prove beneficial to WBSGen would be a system that
could estimate activity durations. This will possibly require using a number of
algorithms as previously discussed. However, this area does require a certain amount
of intuitive decision making and may prove difficult to program successfully.

The fact that Microsoft Project is one of the more popular of the project management
software packages will mean that there is huge potential for the use of iVBSGen. It is
hoped that in future years the prototype system developed will be further utilised and
some of the recommendations listed here acted upon.
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Factors to evaluate when selecting project management
software

Cost
• Can the software be procured for a reasonable amount relative to the
organisation’s budget and intended use

Need
• Is a computer program really needed for the project involved?
• Is there or will there be knowledgeable person who can run the software?

Project Plan
• Ease of entering and storing the plan
• Full precedence capability
• Limitations on number of activities (network size)
• Work breakdown structure capability
• Work Splitting

Resource Management
• Capability of assigning partial resources
• Resource leveling
• Assignment of costs
• What resource allocation heuristics are available?

Progress Tracking
• Display of time-based project schedule
• Project replanning (network editing)
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Report Generation
• Network diagram (limitation on size, ease of understanding)
• Gantt Chart
• Milestone schedule
• Resource reports
• Cost reports
• Performance variance analysis

Ease of Use
• On-line training and help
• Input format
• Output format and contents
• Quality of documentation

General Characteristics
• Software version. Later versions of a program, for example, version 3.2,
tend to have fewer bugs and more enhanced features. However excessively
high version numbers, for example, version 8.1, could mean that the
developer has been slow in responding to customer complaints and
implementing all needed upgrades.
• Compactness (e.g., three disks versus ten disks)
• File import/export capability
• Availability of trial package
• Copy protection and backup procedures. Does the program permit limited
or unlimited hard disk installations?
• Speed of execution
• Compatibility with the computer hardware and other software used in the
project environment
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9.

Software Capabilities
• Analytical methodology (e.g., CPM, PERT)
9 Number of tasks that can be handled (at least 50)
• Number of resource types that can be accommodated (at least 10)
• Help and error handling abilities
• Milestone identification
• Resource profiling and leveling

10.

Hardware Requirements
• Disk drive (single, dual or fixed)
• RAM requirement
• Coprocessor or hardware board requirements
• Input devices (mouse, keyboard, etc.)
• Output devices (types of printers supported)
® Display unit/adapter
• WYSIWYG (What You See Is What You Get) screen capabilities

11.

Vendor
• Reputation
• Sales volume
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Microsoft Project Awards (1990 - 1996)

PC World, World Class Award, 7/95, 7/96
BYTE Magazine, Reader's Choice Award, Project Management, all
platforms, 5/95, 7/96
WPN, Germany, Best Project Management Software 7/96
PC World, World Class Award, 7/95, 7/96
DataBase Advisor, Reader's Choice Award, 6/96
PC Computing, A-List, Editor's Top Picks, 11/95, 4/96
BYTE Magazine, Reader's Choice Award, Project Management, all
platforms, 5/95
PC Computing, MVP Award for the Project Management category 11/95
BYTE Magazine, d’ied for Top Project Management Product (with Scitor),
3/95
Federal Computer Week: Best Buys for Project Management 4/96
PC Magazine, Italy, Best Project Management Software, 3/95
Windows Plus, France, Best Project Management Software, 2/95
Windows Magazine, Win 100 Awards, Project Management Software,
2/95, 2/96
Mobile Office Computing, First Class Award, Project Management
Software, 2/95
Home Office Computing "Editor's Pick" 11/95
Computer Currents, Best Project Management Software, 1/95
NSTL/Software Digest, Best Project Management Software, 1/95
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InfoWorld, Buyer's Assurance Seal, 10/94
PC World, World Class Award, 7/94 pub date (notified 5/4/94)
BYTE, Readers' Choice Award Best Project Management software product
of 1993, 5/94
PC World, World Class Award, 11/93
Windows User Best Buy, 5/93
Software Digest #1 Project Manager, 1991, 1992, 1993(Win and Mac
versions)
NSTL/Software Digest, best project management software, 12/91; 4/93
SPA Best Vertical Application 1992, 1993(Win and Mac versions)
Byte Magazine "Readers Choice" Awards (yr. given for previous yr.;1991,
1992, 1993, 1994)
Windows Magazine Win Awards, 100 Best Products, Management
Category, 2/93
PC Magazine MVP for Software Innovation (Wizards) 11/92
PC World World Class Award winner in two categories: best project
manager and best management tool, 9/92
PC Computing MVP Award for Wizards, 1992
PC Magazine Editor's Choice 9/90, 7/92
Norwegian PC World Best in Category 1992
Infoworld Product of the Year 1990, 1991
PC Week Labs; #1 in Corporate Satisfaction, 12/90
PC World Best Buy, 9/90
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10-00--00
Buildinc3S

11 -02-00

20-00-00
Roads

Strip foundations

fl~Ol

11-02-01
11-02-01
11-02-03
11-02-04
11-02-05
11-02-06
11-02-07
11-02-08

Set out foundations
Excavate
Pour blinding concrete
Steel-fixing
Shuttering
Install holding down bolts for steel
Install earthing connections
Pour foundations

11 -03-00

Piled foundations

11-03-01
11-03-02
11-03-03
11-03-04
11-03-05
11-03-06
11-03-07
11-03-08

Set out piles >
/ ^■Excavate \ )
>. Piling
v
[<^teel-fixing for pile caps )
> Shutter pile caps
^
/CphsTaJI holding down bolts for steel
^ Install earthing connections
Pour pile caps

11 -04 -00

Underground services

11-04-01
11-04-02
11-04-03
11-04-04
11-04-05
11-04-06

Install drainage
Install mains water supply
Install power supply
Install fire water supply
Install gas supply
Install underground service duct

! 11 -05 -00

Ground floor slab

11-05-01 r Excavate/fill
n
11 -05-02 ^ Pour blinding concrete c ,n
11-05-03
Steel-fixing
/
11-05-05

Pour ground floor slab
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12-OO-CO
Main
Structure

:-0l -00

Steel structure

12-01-01 i^T^rect portal frames/tie—beams
12-01-02 / ^rect columns & beams ^ /
12-01-03 ^ Erect columns & trusses ^ jy
12-01-04.^ ^It purlins
12-01-051 ^ Fit sheeting rails
^
12-01-06 S Grout base plates
12-01-07 ^Concrete encasement of steelwork

-02-00

Reinforced concrete structure

12-02-01 .r Steel-fix columns >
12-02-02 i Shutter columns
Pour columns
12-02-03
12-02-04n f Steel-fix beams / n
12-02-05^ J Shutter beams ^ J
12-02-06
Pour beams

>03-00

Precast concrete portal frame structure

12-03-01 ^ Erect portal frames ■)
12-03-02 ^Fit purlins
12-03-03 ^ Fit sheeting rails

■ •04-00

^-05-00

12-04-01 ^ Shuttering
12-04-02 » Steel-fixing
^ 12-04-03
Pour floors

Reinforced concrete floors

Precast concrete floors

|

12-05-01
Install precast units ^
12-05-02 <^huttering for floor screed
12-05-03 U Steel-fixing for floor screed
12-05-04
Pour floor screed

;-06-00

Steel flooring

12-06-01
12-06-02

Install cheguer plate flooring
Install open grid flooring

■>07-00

Steel roof structure

12-07-01

Erect steelwork

>08-00

Timber roof structure

12-08-01

Install timber roof

13-00-00
Roofing

c>01 -00

Felt battens & slates

13-01-01 ^Felting >
13-01-02 Lx Battens
13-01-03 C^lates

C-02-00

Felt battens & tiles

13-02-01 r Felting \
13-02-02 Si Battens t
13-02-03 d^ lileS

-03-00

Uninsulated profiled steel sheeting

13-03-01
13-03-02

-04-00

"Built—up" roof

13-04-01
Roof decking
13-04-02 ^Insulation & underlays, etc. 5
13-04-03 4^CaD sheet ->
13-04-04 4Finisncoat

t:-05-00

Asphalt roofing

Roof decking 5
13-05-01
13-05-02 ^Thsuiation -5
13-05-03 Ci Aspnaiting
13-05-04 Crihiyn cuat

1
1

Roof decking^
4Fiashings. trims, etc.
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14-00-00
External
Walls

4-01 -00

14-01-01
Blockwork;?
14-01-02 <^lnstall windows and doors;)
14-01 -03 ^Plastering:}
14-01 -04 <5 Glazing

Sinqle—leaf blockwork walls
■

J4-02-00

Blockwork cavity walls

I

14-02-01
Blockwork;?
14-02-02 <^Dry lining•>
14-02-03 ^Install windows and doors^
14-02-04 <> Plastering •>
14-02-05 <5 Glazing

14-03-00

Block & brick cavity walls

1

14-03-01
14-03-02
14-03-03

Blockwork/brickwork^
<^Drv lining;)
^Install windows and doors;?

14-03-04
14-03-05

Plastering >,
c^Gl^ling

j 04 00

4-05-00

14-04-01
14-04-02
14-04-03
14-04-04
14-04-05
14-04-06
14-04-07
14-04-08

R.C. walls with block outer leaf

R.C. walls with brick outer leaf

AS
^oA.

II

/U-o A

14-05-01
14-05-02
14-05-03
14-05-04
14-05-05
14-05-06
14-05-07
14-05-08

/ Steel-fix r.c. walls i
^ Shutter r.c. walls d

\
)

/ Pour r.c. walls
}
i> Outer leaf blockwork;
^Dry lining ^
c5install windows and doors^
<fPlastering
Glazing
Steel-fix r.c. walls
Shutter r.c. walls
Pour r.c. walls
Outer leaf brickwork
Dry lining
Install windows and doors
Plastering
Glazing

i-06-OO

Uninsulated profiled steel cladding

1

14-06-01
Erect profiled sheeting;?
14-06-02 (^Install windows and doors:>
14-06-03 /Thlashinqs, trims, etc.
14-06-04 ^ Glazing

1-07-00

Insulated composite profiled steel cladding

14-07-01
Erect profiled sheeting^
14-07-02 install windows and doors -i
14-07-03 ^riashings, trims, etc.
14-07-04 ^ Glazing

1-08-00

Profiled steel cladding and insulation

14-08-01 / Erect profiled sheeting i
14-08-02
Install insulation
14-08-03 ^ Install inner liner trav> «-

\

14-08-04 ^Install windows and doors j
14-08-05 gnashings, trims, etc.
14-08-06 ^ Glazing
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15-00-00
Internal
Walls

I'j-OI -00

Single—leaf blockwork walls

3-02-00

R.C. walls

z 15-02-01
15-02-02
15-02-03
15-02-04

'3-03-00

Timber stud partitions

: 3-04-00

Metal stud partitions

:>05-00

15-01-01
15-01-02

Blockwork^
Plastering

/

/ Steel-fix r.c. walls »
Shutter r.c. walls c
Pour r.c. walls)
^Plastering

.

)

15-03-01 r Install stud work >
15-03-02 » Plasterboarding j ^
15-03-03 <5Plastering (skimming)
I

Windows and doors

15-04-01 /- Install studwork n
15-04-02 -» Plasterboarding ^ ^
15-04-03 C^PIastering (skimming)
15-05-01
15-05-02
15-05-03

I

Install frames^
^nstall door leaves
^Glazing

16-00-00
Ceilings and
Rnishes

t-01 -00

Suspended ceilings

i-02 -00

Plasterboard ceilings

16-02-01
16-02-02

£-03 -00

Painting

16-03-01
Preparation/undercoats )
16-03-02 C>Finishcoat

I

16-01-01 / Install ceiling grid \
16-01-02 “ Install ceiling tiles t
Plasterboardinq)
^Plastering (sKimming)

(-04 -00

Tiling

16-04-01
16-04-02

:-05-00

Vinyl floor finish

16-05-01
DPM^
16-05-01 (TLevelUng screed y
16-05-01 Cl Vinyl

Carpet floor finsh

16 -06 -01
16-06-01

i !-06 -00

Wall tiling
Floor tiling

Levelling screed
^arpetong
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17-00-00
Electrical

-01-00

-02-00

-03-00

> 04-00

Lighting

17-01-01
17-01-02
17-01-03
17-01-04
17-01-05

Fire Alarm System

Install lightinq distribution board(s) i
1st fix (cable supports]^
C^2nd fix (cabling)
^inal fix (fittings)>
c^bystem testing

7

—

17-02-01
Install fire alarm panel(s) X
17-02-02
1st fix (cable supportsb
/
17-02-03 <;:2nd fix (cablinol^
17-02-04 S^i-inal fix (detectors, BGUs, etc.)
17-02-05
system testing

Communications Systems

1

Earthinq/Uqhtninq Protection

j

17-03-01
Install panels (network.'phone, etc.) ,
17-03-02
1st fix (cable supports)^
J
17-03-03 ^2nd fix (cablinajj>
17-03-04 ^inal fix (sockets)^
17-03-05 c^’SysteTTTtesting
17-04-01
Install earthinq test points »
17-04-02
Install earth rods
^
17-04-03
Install earth tape
17-04-04 ^Systemtesting

J

r
',-05-00

General Services

>06-00

Main Power Distribution

_

1

17-05-01
Install power distribution panel(s) >
17-05-02
1st fix (cable supports)^
/
17-05-03 92nd fix (cabling) >
17-05 -04 ^hnal fix (sockets) >
17-05-05 <i5ysl'elll Itmung—
17-06-01
17-06-02
17-06—03
17 -06-04

Install Main Distribution Board
Install Motor Control Centre(s) i
Install main power supply cabling
Svstem
it
System testino
testing

%
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18-00-00
Building
Services

■01 -00

Air Supply/Extract System

-02-00

Low Pressure Hot Water System

■

I

18-01-01
Install Air Handling Unit(s) j
18-01-02
1st fix ductwork^
/
18-01-03 ^nd fix auctwork;)
18-01-04 c; Final fix ^grilles) >
18-01-05 CSystem testing^
18-01 -06
Ihermal insulation
18-02-01
18-02-02
18-02-03
18-02-04
18-02-05

Install eguipment (pumps, etc) i
1st fix pipe work J
/
^nd fix pipework)
^
System tesnng j
^merrnal insulation
Install eguipment (pumps, etc.) i
1st fix pipework^
/
42nd fix pipework^
c^ystem tesnng ^
c^ermal insulation

-03-00

Domestic Hot & Cold Water System

18-03-01
18-03-02
18-03-03
18 -03 -04
18-03-05

-04-00

Underground Fire Main

18-04-01 / Excavate trench )
18-04-02 ^ Install fire main) ^
18-04-03 4:1 est fire main^
18-04-04 C, bacKill 1 trench

Sprinkler System

18-05-01
1st fix sprinkler pipework^
02
^
2nd fix spnnKler pipeworkj~
18-05-C
18-05- ^3 ^ test sprinkler system ?
18-05-“04 C^nal fix sprinklers (heads)"

•01 -00

Roads, paths and paving

Excavation/filling
19-01-01
Road base and kerbin^
19-01-02/
19-01 -03( c?^oad surfacing
19-01 -04> Prepare concrete paths and paving j
19-01 —05
Hour concrete pains ana pavirig

-02-00

Landscaping

Topsoiljk
19-02-01
19-02-02 /^Grass seeding
19-03-03 ' Tree planting, etc.

:-05-00

'i
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Piled Foundations
Piled Foundations

NOT
NOT

Install Holding Down Bolts For Steel
Install Earthing Connections

Pad Foundations

NOT

Piled Foundations

Steel Structure

NOT

Reinforced Concrete Structure

Precast Concrete Portal Frame Structure

NOT

Reinforced Concrete Floors
PrecasI Concrete Floors
Steel Flooring
Steel Roof Structure
Timber Roof Structure

Steel Structure

NOT

Steel Roof Structure

Steel Roof Structure

NOT

Timber Roof Structure

Erect Portal FramesA’ie - Beams
Erect Columns and Beams
Erect Columns and Trusses

CHOOSE ONE ONLY

Shuttering/Falsework
Shuttering/Falsework

AND
AND

Grout Base Plates
Pour Beams

Install Timber Roof

NOT

Fit Purlins

Felt,Battens & Slates
Felt,Battens & Tiles
Uninsulated Profded Steel Sheeting
‘Built Up^ Roof
Asphalt Roofing

CHOOSE ONE ONLY

Felting (Slates)

NOT

Steel Structure
Reinforced Concrete Structure
Precast Concrete Portal Frame Structure

Felting (Tiles)

NOT

Steel Structure
Reinforced Concrete Structure
Precast Concrete Portal Frame Structure

Single-Leaf Blochvork Walls

NOT

Blockwork Cavity Walls
Block & Brick Cavity Walls
RC Walls with Block Outer Leaf
RC Walls with Brick Outer Leaf

Uninsulated Profiled Steel Cladding
Insulated Composite Profiled Steel Cladding
Profiled Steel Cladding and Insulation

ONE ONLY

Suspended Ceilings
Plasterboard Ceilings
Painting
Tiling
Vinyl Floor Finish
Carpet Floor Finish

NOT

EITHER/OR

Uninsulated Profled Steel Cladding
Insulated Composite Prof led Steel Cladding
Profled Steel Cladding and Insulation

(Note : Italics = Group Heading, Unfonnatled = Task)
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WBS Code

Relationship

START
START
START
Set Out Foundations
Excavate
Excavate

FINISH-START
Set Out Foundations
FINISH-START
Set Out Foundations (Strip)
FINISH-START
Set Out Piles
FINISH-START
Steel Fixing
FINISH-START
Excavate
START-START &
Pour Binding Concrete
FINISH-FINISH
FINISH-START
Steel Fixing (Strip)
START - START
Excavate trench
START-START &
Shuttering
FINISH-FINISH
FINISH-FINISH
Steel Fixing
FINISH-START
Excavate (Strip)
START-START &
Pour Binding Concrete (Strip)
FINISH-FINISH
START-START & ' Pour Pile Caps
FINISH-FINISH
FINISH-START
Excavate (Piles)
FINISH-START
Steel Fixing For Pile Caps
START - START
Excavate trench
FINISH-START
Install Holding Dow’ii Bolts For Steel
FINISH-START
Install Earthing Connections
Sl'ART-START &
Pour Foundations
FINISH-FINISH
START-START &
Shuttering (Strip)
FINISH-FINISH
FINISH-FINISH
Steel Fixing (Strip)
START-START &
Piling
FINISH-FINISH
FINISH-START
Pour Ground Floor Slab
START - START
Excavate trench
START-START &
Pour Foundations
FINISH-FINISH
FINISH-START
Install Holding Down Bolts For Steel
(Strip)
FINISH-START
Install Earthing Connections (Strip)
START-START &
Pour Foundations (Strip)
FINISH-FINISH
START-START &
Shutter Pile Caps
FINISH-FINISH
FINISH-START
Pour Ground Floor Slab
Pour Binding Concrete
START-START &
FINISH-FINISH
START-START &
Pour Foundations
FINISH-FINISH
START-START &
Pour Foundations (Strip)
FINISH-FINISH
FINISH-START
Install Holding Down Bolts For Steel
(Piles)
FINISH-START
Install Eartliing Connections (Piles)
START-START &
Pour Pile Caps
FINISH-FINISH
FINISH-START
Pour Ground Floor Slab

Set Out Foundations (Strip)
Excavate
Pour Binding Concrete
Pour Binding Concrete
Pour Foundations
Excavate (Strip)
Excavate (Strip)
Set Out Piles
Set Out Piles
Excavate (Strip)
Steel Fixing
Steel Fixing
Steel Fixing
Pour Binding Concrete (Strip)
Pour Binding Concrete (Strip)
Excavate (Piles)
Install Drainage
Excavate (Piles)
Shuttering
Steel Fixing (Strip)
Steel Fixing (Strip)
Steel Fixing (Strip)
Piling
Install Mains Water Supply
Excavate/Fill
Install Holding Down Bolts For Steel
Shuttering (Strip)
Steel Fixing For Pile Caps
Steel Fixing For Pile Caps
Steel Fixing For Pile Caps
Install Power Supply

WBS Code
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Pour Binding Concrete
Pour Binding Concrete
Install Eailliing Connections
Install Holding Down Bolts For Steel
(Strip)
Shutter Pile Caps
Install Fire Water Supply
Steel - Fixing
Install Earthing Connections (Strip)
Pour Foundations
Install Holding Down Bolts For Steel
(Piles)
Pour Foundations
Pour Foundations
Pour Foundations
Pour Foundations
Pour Foundations
Pour Foundations
Pour Foundations
Install Gas Supply
Shuttering
Pour Foundations
Pour Foundations
Pour Foundations
Install Earthing Connections (Piles)
Pour Foundations (Strip)
Pour Foundations (Strip)
Pour Foundations (Strip)
Pour Foundations (Strip)
Pour Foundations (Strip)
Pour Foundations (Strip)
Pour Foundations (Strip)
Install Underground Service Duct
Pour Foundations (Strip)
Pour Pile Caps
Pour Pile Caps
Pour Pile Caps
Pour Pile Caps
Pour Pile Caps
Pour Pile Caps
Pour Pile Caps
Pour Pile Caps
Fire Protection of steelwork (Grout
Base Plates)
Fire Protection of steelwork (Grout
Base Plates)
Fire Protection of steelwork (Grout

START-START &
FINISH-FINISH
START-START &
FINISH-FINISH
START-START &
FINISH-FINISH
START-START &
FINISH-FINISH
START-START &
FINISH-FINISH
FINISH-START
START-START &
FINISH-FINISH
START-START &
FINISH-FINISH
FINISH-START
START-START &
FINISH-FINISH
FINISH-START
FINISH-START
FINISH-START
FINISH-START
FINISH-START
FINISH-START
FINISH-ST'ART
FINISH-START
START-START &
FINISH-FINISH
FINISH-START
FINISH-START
FINISH-START
START-START &
FINISH-FINISH
FINISH-START
FINISH-START
FINISH-START
FINISH-START
FINISH-START
FINISH-START
FINISH-START
FINISH-START
FINISH-START
FINISH-START
FINISH-START
FINISH-START
FINISH-START
FINISH-START
FINISH-START
FINISH-START
FINISH-START
FINISH-START

Steel - Fixing
Shuttering
Pour Foundations
Pour Foundations (Strip)
Pour Pile Caps
Pour Ground Floor Slab
Pour Ground Floor Slab
Pour Foundations (Strip)
Set Out Foundations (Strip)
Pour Pile Caps
Install Drainage
Install Mains Water Supply
Install Power Supply
Install Fire Water Supply
Install Gas Supply
Install Underground Sendee Duct
Exca\’ate/Fill
Pour Ground Floor Slab
Pour Ground Floor Slab
Erect Portal Frames/Tie - Beams
Steel - Fix Columns
Erect Portal Frames
Pour Pile Caps
Install Drainage
Install Mains Water Supply
Install Power Supply
Install Fire Water Supply
Install Gas Supply
Install Underground Service Duct
Excavate/Fill
Pour Ground Floor Slab
Erect Colunms and Beams
Install Drainage
Install Mains Water Supply
Install Power Supply
Install Fire Water Supply
Install Gas Supply
Install Underground Service Duct
Excavate/Fill
Erect Colunms and Trusses
Blockwork (Single Leaf)

FINISH-START

Blockwork (Cavity Walls)

FINISH-START

Blockwork/Brickwork (B/B Cavity
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Base Plates)
Fire Protection of steelwork (Grout
Base Plates)
Fire Protection of steelwork (Grout
Base Plates)
Fire Protection of steelwork (Grout
Base Plates)
Fire Protection of steelwork (Grout
Base Plates)
Erect Portal Frames/Tie - Beams
Erect Columns and Beams
Steel - Fix Columns

FINISH-START

Walls)
Steel - fix r.c. walls (Block Outer Leal)

FINISH-START

Steel - fix r.c. walls (Brick Outer Leal)

FINISH-START

Blockwork (Internal Walls)

FINISH-START

Plastering (Internal Walls Blockwork)
Fit Purlins
Fit Sheeting Rails
Shutter Columns

Erect Portal Frames

FINISH-START
FINISH-START
START-START &
FINISH-FINISH
FINISH-START
START-START &
FINISH-FINISH
FINISH-START

Erect Portal Frames
Erect Portal Frames
Erect Portal Frames
Erect Portal Frames

FINISH-START
FINISH-START
FINISH-START
FINISH-START

Erect Portal Frames
Erect Portal FYames
Erect Portal Frames
Erect Portal Frames
Pour Columns

FINISH-START
FINISH-START
FINISH-START
FINISH-START
START-START &
FINISH-FINISH
START-START &
FINISH-FINISH
START-START &
FINISH-FINISH
FINISH-START
FINISH-START

Erect Columns and Tnisscs
Shutter Colunms

Shuttering/Falsework
Shuttering/Falsework
Fit Purlins
Fit Purlins (Precast Concrete Portal
Frame)
Fit Purlins
Fit Purlins (Precast Concrete Portal
Frame)
Fit Purlins
Fit Purlins (Precast Concrete Portal
Frame)
Steel - Fix Beams

Grout Base Plates
Pour Columns
Fit Purlins (Precast Concrete Portal
Frame)
Install Timber Roof
Blockwork (Single Leaf)
Blockwork (Cavity Walls)
Blockwork/Brickwork (B/B Cavity
Walls)
Steel - fix r.c. walls (Block Outer Leaf)
Steel - fix r.c. walls (Brick Outer Leaf)
Blockwork (Internal Walls)
Plastering (Internal Walls Blockwork)
Shutter Beams
Steel - Fixing
Pour Floors
Roof Decking
Roof Decking

FINISH-START
FINISH-START

Roof Decking
Roof Decking

FINISH-START
FINISH-START

Roof Decking (Asphalt Roof)
Roof Decking (Asphalt Roof)
Shutter Beams

Install Precast Units
Install Precast Units
Fit Sheeting Rails

START-START &
FINISH-FINISH
START-START &
FINISH-FINISH
START-START &
FINISH-FINISH
FINISH-START
FINISH-START
FINISH-START

Fit Sheeting Rails

FINISH-START

Fit Sheeting Rails

FINISH-START

Steel - Fix Beams
Steel - Fixing

Pour Beams
Pour Floors
Shuttering for floor screed
Steel - fixing for floor screed
Erect Profiled Sheeting (Uninsulated
Profiled Steel Cladding)
Erect Profiled Sheeting (Uninsulated
Profiled Steel Cladding)
Erect Profiled Sheeting (Insulated
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Fit Sheeting Rails

FINISH-START

Fit Sheeting Rails

FINISH-START

Fit Sheeting Rails

FINISH-START

Grout Base Plates
Grout Base Plates
Grout Base Plates
Shutter Beams

Pour Beams
Pour Beams
Pour Beams
Pour Beams
Pour Beams

FINISH-START
FINISH-START
FINISH-START
START-START &
FINISH-FINISH
START-START &
FINISH-FINISH
FINISH-START
FINISH-START
FINISH-START +
28 DAY LAG
FINISH-START
FINISH-START +
28 DAY LAG
FINISH-START
FINISH-START
START-START &
FINISH-FINISH
FINISH-START
FINISH-START
FINISH-START
FINISH-START
FINISH-START

Pour Beams
Pour Beams
Pour Beams
Pour Beams
Erect Timber Roofing
Install Timber Roof
Erect Timber Roofing
Install Timber Roof
Fit Purlins
Fit Purlins
Fit Purlins
Fit Steel Rails

FINISH-START
FINISH-START
FINISH-START
FINISH-START
FINISH-START
FINISH-START
FINISH-START
FINISH-START
FINISH-START
FINISH-START
FINISH-START
FINISH-START

Fit Steel Rails

FINISH-START

Fit Steel Rails

FINISH-START

Felting

START-START &
FINISH-FINISH
FINISH-START
START-START &
FINISH-FINISH
FINISH-START
FINISH-START

Shuttering for floor screed
Grout Base Plates
Pour Beams
Pour Beams
Pour Beams
Pour Beams
Pour Beams
Pour Beams
Steel - fixing for floor screed

Battens
Felting (Tiles)
Battens (Tiles)
Roof Decking

Composite Profiled Steel Cladding)
Erect Profiled Sheeting (Insulated
Composite Profiled Steel Cladding)
Erect Profiled Sheeting (Profiled Steel
Cladding and Insulation)
Erect Profiled Sheeting (Profiled Steel
Cladding and Insulation)
Install Precast Units
Install Chequer Plate Flooring
Install Open Grid Flooring
Pour Beams
Pour floor screed
Install Timber Roof
Shuttering/Falsevvork
Install Precast Units
Install Chequer Plate Flooring
Install Open Grid Flooring
Fit Purlins
Fit Steel Rails
Pour floor screed
Erect Steelwork
Install Timber Roof
Blockwork (Single Leal)
Blockwork (Cavity Walls)
Blockwork/Brickwork (B/B Cavity
Walls)
Steel - fix r.c. walls (Block Outer Leaf)
Steel - fix r.c. walls (Brick Outer Leal)
Blockwork (Internal Walls)
Plastering (Internal Walls Blockwork)
Felting
Felting
Felting (Tiles)
Felting (Tiles)
Roof Decking
Roof Decking
Roof Decking (Asphalt Roof)
Erect Profiled Sheeting (Uninsulated
Profiled Steel Cladding)
Erect Profiled Sheeting (Insulated
Composite Profiled Steel Cladding)
Erect Profiled Sheeting (Profiled Steel
Cladding and Insulation)
Battens
Slates
Battens (Tiles)
Tiles
Flashings,trims,etc..
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Roof Decking
Insulation & Underlays, etc..
Roof Decking (Asphalt Roof)
Cap Sheet
Insulation (Asphalt Roof)
Asphalting
Blockwork (Single Leaf)
Blockwork (Single Leaf)

FINISH-START
FINISH-ST/UIT
FINISH-START
FINISH-START
FINISH-START
FINISH-START
FINISH-START
FINISH-START

Blockwork (Single Leaf)

FINISH-START

Blockwork (Single Leaf)
Blockwork (Single Leaf)
Blockwork (Single Leaf)

Blockwork (Single Leaf)
Blockwork (Single Leaf)

FINISH-START
FINISH-START
START-START &
FINISH-FINISH
START-START &
FINISH-FINISH
START-START &
FINISH-FINISH
START-START &
FINISH-FINISH
FINISH-START
FINISH-START
START-START &
FINISH-FINISH
FINISH-START
FINISH-START

Blockwork (Single Leaf)

FINISH-START

Install Windows and Doors (Single
Leaf)
Blockwork (Cavity Walls)
Blockwork (Cavity Walls)

FINISH-START

Blockwork (Cavity Walls)

FINISH-START

Blockwork (Cavity Walls)
Plastering (Single Leaf)
Diy' Lining (Cavity Walls)

FINISH-START
FINISH-START
FINISH-START

Blockwork/Brickwork (B/B Cavity
Walls)
Blockwork/Brickwork (B/B Cavity
Walls)
Blockwork/Brickwork (B/B Cavity
Walls)
Plastering (Single Leaf)
Dr}' Lining (Cavity Walls)
Plastering (Single Leaf)
Plastering (Single Leaf)
Diy- Lining (Cavity Walls)

FINISH-START

Blockwork (Single Leaf)
Blockwork (Single Leaf)
Blockwork (Single Leaf)
Blockwork (Single Leaf)
Blockwork (Single Leaf)
Blockwork (Single Leaf)

Plastering (Single Leaf)

FINISH-START
FINISH-START

FINISH-START
FINISH-START
FINISH-START
FINISH-START
FINISH-START
FINISH-START
START-START &
FINISH-FINISH
START-START &
FINISH-FINISH

Insulation & Underlays, etc..
Cap Sheet
Insulation (Asphalt Roof)
Finish Coat
Asphalting
Finish Coat (Asphalt Roof)
Install Windows and Doors (Single Leaf)
Install studwork (Internal Walls Timber
Partitions)
Install studwork (Internal Walls Metal
Partitions)
Plasterboarding (Ceilings)
Wall Tiling
1st fix (cable supports) (Lighting)
1st fix (cable supports) (Fire Alami)
1st fix (cable supports) (Communications
Systems)
1st fix (cable supports) (General Services)
Install Eartliing Test Points
Install Main Distribution Board
1 st fix ductwork
Install Air Handling Units
Install Equipment (pumps, etc..) (Low
Pressure Hot Water)
Install Equipment (pumps, etc..)
(Domestic Hot & Cold Water)
Plastering (Single Leaf)
Dr>' Lining (Cavity Walls)
Install studwork (Internal Walls Timber
Partitions)
Install studwork (Internal Walls Metal
Partitions)
Wall Tiling
Glazing (Single Leaf)
Install Windows and Doors (Cavity
Walls)
Drylining ( B/B Cavity Walls)
Install studwork (Internal Walls Timber
Partitions)
Install studwork (Internal Walls Metal
Partitions)
Install Ceiling Grid
Plasterbocirding (Ceilings)
Preperation/undercoats
Floor Tiling
1st fix (cable supports) (Lighting)
Install Lighting Distribution Board(s)
(Lighting)
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Plastering (Single Leal)
Dry Lining (Cavity Walls)
Plastering (Single Leiif)
Plastering (Single Leal)
Dry Lining (Cavity Walls)
Plastering (Single Leal)
Plastering (Single Leal)
Dry Lining (Cavity Walls)

FINISH-START
START-START &
FINISH-FINISH
START-START &
FINISH-FINISH
FINISH-START
START-START &
FINISH-FINISH
START-START &
FINISH-FINISH
FINISH-START

Diy' Lining (Cavity Walls)
Diy' Lining (Cavity Walls)

START-START &
FINISH-FINISH
START-START &
FINISH-FINISH
FINISH-START
FINISH-START
FINISH-START
START-START &
FINISH-FINISH
FINISH-START
FINISH-START

Dr>' Lining (Cavity Walls)

FINISH-START

Install Windows and Doors (Cavity
Walls)
Drylining ( B/B Cavity Walls)

FINISH-START

Steel - fix r.c. walls (Block Outer Leal)

Drydining ( B/B Cavity Walls)
Diydining ( B/B Cavity Walls)

START-START &
FINISH-FINISH
START-START &
FINISH-FINISH
FINISH-START
FINISH-START
START-START &
FINISH-FINISH
START-START &
FINISH-FINISH
START-START &
FINISH-FINISH
START-START &
FINISH-FINISH
FINISH-START
FINISH-START
START-START &
FINISH-FINISH
FINISH-START
FINISH-START

Drylining ( B/B Cavity Walls)

FINISH-START

Plastering (Cavity Walls)

FINISH-START

Plastering (Single Leal)
Plastering (Single Leal)
Dry Lining (Cavity Walls)
Dry Lining (Cavity Walls)
Dry Lining (Cavity Walls)

Steel - fix r.c. walls (Block Outer LeaO
Drylining ( B/B Cavity Walls)
Drylining ( B/B Cavity Walls)
Diydining ( B/B Cavity Walls)
Drylining ( B/B Cavity Walls)
Drylining ( B/B Cavity Walls)
Drylining ( B/B Cavity Walls)
Drylining ( B/B Cavity Walls)
Drylining ( B/B Cavity Walls)
Drylining ( B/B Cavity Walls)

FINISH-START

Final fix (fittings) (Lighting)
1st fix (cable supports) (Fire Alarm)
Install Fire Alarm Panel(s)
Final fix (detectors,BGUs,etc) (Fire
Alann)
1st fix (cable supports) (Communications
Systems)
Install Panels (network,’phone,etc..)
Final fix (sockets) (Communications
Systems)
1st fix (cable supports) (General Servdces)
Install Power Distribution Services
Final fix (sockets) (General Sendees)
Install Eartliing Test Points
Install Main Distribution Board
1st fix ductwork
Install Air Handling Units
Install Equipment (pumps, etc..) (Low
Pressure Hoi Water)
Install Equipment (pumps, etc..)
(Domestic Hot & Cold Water)
Plastering (Cavity Walls)
Install Windows and Doors ( B/B Cavity
Walls)
Shutter r.c. walls (Block Outer Leaf)
Pour r.c. walls (Block Outer Leaf)
Plasterboarding (Ceilings)
Wall Tiling
1st fix (cable supports) (Lighting)
1st fix (cable supports) (Fire Alarm)
1st fix (cable supports) (Communications
Systems)
1st fix (cable supports) (General Sendees)
Install Earthing Test Points
Install Main Distribution Board
1st fix ductwork
Install Air Handling Units
Install Equipment (pumps, etc..) (Low
Pressure Hot Water)
Install Equipment (pumps, etc..)
(Domestic Hot & Cold Water)
Glazing (Cavity Walls)
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Install Windows and Doors ( B/B
Cavity Walls)
Shutter r.c. walls (Block Outer Leal)
Steel - fix r.c. walls (Brick Outer Leaf)
Steel - fix r.c. walls (Brick Outer Leaf)
Plastering (Cavity Walls)
Plastering (Cavity Walls)
Plastering (Cavity Walls)
Plastering (Cavity Walls)
Plastering (Cavity Walls)
Plastering (Cavity Walls)
Plastering (Cavity Walls)
Pla.stering (Cavity Walls)
Plastering (Cavity Walls)
Plastering (Cavity Walls)
Plastering (Cavity Walls)
Plastering ( B/B Cavity Walls)
Pour r.c. walls (Block Outer Leaf)
Shutter r.c. walls (Brick Outer Leaf)
Erect Profiled Sheeting (Uninsulated
Profiled Steel Cladding)
Pour r.c. walls (Block Outer Lea.0

FINISH-START

Plastering ( B/B Cavity Walls)

START-START &
FINISH-FINISH
START-START &
FINISH-FINISH
START-START &
FINISH-FINISH
FINISH-START
FINISH-START
FINISH-START
START-START &
FINISH-FINISH
FINISH-START
START-START &
FINISH-FINISH
FINISH-START

Pour r.c. walls (Block Outer Leaf)

START-START &
FINISH-FINISH
FINISH-START
START-START &
FINISH-FINISH
FINISH-START
FINISH-START
START-START &
FINISH-FINISH
START-START &
FINISH-FINISH
FINISH-START
FINISH-START

Erect Profiled Sheeting (Uninsulated
Profiled Steel Cladding)
Pour r.c. walls (Block Outer Leaf)

FINISH-START

Erect Profiled Sheeting (Uninsulated
Profiled Steel Cladding)
Plastering (B/B Cavity Walls)
Pour r.c. walls (Block Outer Leaf)
Plastering ( B/B Cavity Walls)
Plastering ( B/B Cavity Walls)
Plastering ( B/B Cavity Walls)

FINISH-START

Plastering ( B/B Cavity Walls)
Plastering ( B/B Cavity Walls)
Plastering ( B/B Cavity Walls)
Plastering ( B/B Cavity Walls)
Plastering ( B/B Cavity Walls)

FINISH-START

FINISH-START
FINISH-START
FINISH-START
FINISH-START
START-START &
FINISH-FINISH
FINISH-START
START-START &
FINISH-FINISH
FINISH-START
START-START &
FINISH-FINISH
FINISH-START

Shutter r.c. walls (Brick Outer Leaf)
Pour r.c. walls (Brick Outer Leaf)
Install Ceiling Grid
Preperation/undercoats
Floor Tiling
Install Lighting Distribution Board(s)
(Lighting)
Final fix (fittings) (Lighting)
Install Fire Alarm Panel(s)
Final fix (detectors,BGUs,etc) (Fire
Alarm)
Install Panels (network,’phone,etc..)
Final fix (sockets) (Communications
Systems)
Install Power Distribution Services
Final fix (sockets) (General Seiv'iccs)
Glazing ( B/B Cavity Walls)
Outer leaf blockwork (Block Outer Leaf)
Pour r.c. walls (Brick Outer Leaf)
Install Windows and Doors (Uninsulated
Profiled Steel Cladding)
Install studwork (Internal Walls Timber
Partitions)
Install studwork (Internal Walls Timber
Partitions)
Install studwork (Internal Walls Metal
Partitions)
Install studwork (Internal Walls Metal
Partitions)
Install Ceiling Grid
Plasterboarding (Ceilings)
Preperation/undercoats
Floor Tiling
Install Lighting Distribution Board(s)
(Lighting)
Final fix (fittings) (Lighting)
Install Fire Alann Panel(s)
Final fix (detectors,BGUs,etc) (Fire
Alann)
Install Panels (network,’phone,etc..)
Final fix (sockets) (Communications
Systems)
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Drv Lining (Block Outer Leaf)
Dr\' Lining (Block Outer Leaf)
Dr>' Lining (Block Outer Leaf)
Erect Profiled Sheeting (Profiled Steel
Cladding and Insulation)
Drv' Lining (Block Outer Leaf)
Erect Profiled Sheeting (Profiled Steel
Cladding and Insulation)
Dr>’ Lining (Block Outer Leaf)

FINISH-START
FINISH-START
START-START &
FINISH-FINISH
START-START &
FINISH-FINISH
FINISH-START
FINISH-START

Install Earthing Test Points
Install Main Distribution Board
1st fix ductwork

FINISH-START

Install Equipment (pumps, etc..) (Low
Pressure Hot Water)
Install Equipment (pumps, etc..) (Low
Pressure Hot Water)
Install Equipment (pumps, etc..)
(Domestic Hot & Cold Water)
Install Equipment (pumps, etc..)
(Domestic Hot & Cold Water)
Plastering (Block Outer Leaf)

Erect Profiled Sheeting (Profiled Steel
Cladding and Insulation)
Dr>' Lining (Block Outer Leaf)

FINISH-START

Erect Profiled Sheeting (Profiled Steel
Cladding and Insulation)
Install Windows and Doors (Block
Outer Leaf)
Dr\- Lining (Brick Outer Leaf)

FINISH-START

Install Insulation (Profiled Steel
Cladding and Insulation)
Drv Lining (Brick Outer Leaf)
Glazing (Uninsulated Profiled Steel
Cladding)
Drv Lining (Brick Outer Leaf)

START-START &
FINISH-FINISH
FINISH-START
FINISH-START

Drv Lining (Brick Outer Leaf)
Drv Lining (Brick Outer Leaf)
Dr}' Lining (Brick Outer Leaf)
Dr} Lining (Brick Outer Leaf)
Dr}' Lining (Brick Outer Leaf)
Dry Lining (Brick Outer Leaf)
Dry Lining (Brick Outer Leaf)
Diy Lining (Brick Outer Leaf)
Dry Lining (Brick Outer Leaf)
Diy Lining (Brick Outer Leaf)
Dry Lining (Brick Outer Leaf)
Drv Lining (Brick Outer Leaf)
Dry Lining (Brick Outer Leaf)
Diy Lining (Brick Outer Leaf)
Dry Lining (Brick Outer Leaf)
Diy' Lining (Brick Outer Leaf)

FINISH-START

FINISH-START
FINISH-START

START-START &
FINISH-FINISH
START-START &
FINISH-FINISH
FINISH-START
START-START &
FINISH-FINISH
START-START &
FINISH-FINISH
FINISH-START
START-START &
FINISH-FINISH
START-START &
FINISH-FINISH
FINISH-START
START-START &
FINISH-FINISH
START-START &
FINISH-FINISH
FINISH-START
FINISH-START
FINISH-START
START-START &
FINISH-FINISH
FINISH-START
FINISH-START

1st fix ductwork
Install Air Handling Units
Install Air Handling Units

Install Windows and Doors (Brick Outer
Leaf)
Install inner liner tray (Profiled Steel
Cladding and Insulation)
Wall Tiling
Prepare Surface (Epo.xy Floor)
1st fix (cable supports) (Lighting)
Install Lighting Distribution Board(s)
(Lighting)
Final fix (fittings) (Lighting)
1st fix (cable supports) (Fire Alarm)
Install Fire Alarm Panel(s)
Final fix (detectors,BGUs,etc) (Fire
Alarm)
1st fix (cable supports) (Communications
Systems)
Install Panels (network,’phone,etc..)
Final fix (sockets) (Communications
Systems)
1st fix (cable supports) (General Services)
Install Power Distribution Services
Final fix (sockets) (General Services)
Install Earthing Test Points
Install Main Distribution Board
1st fix ductwork
Install Air Handling Units
Install Equipment (pumps, etc..) (Low
Pressure Hot Water)
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Dty Lining (Brick Outer Leaf)

FINISH-START

Plastering (Block Outer Leaf)
Install Windows and Doors (Brick Outer
Leaf)
Install inner liner tray (Profiled Steel
Cladding and Insulation)
Plastering (Block Outer Leaf)
Plastering (Block Outer Leaf)
Plastering (Block Outer Leaf)
Glazing (Insulated Composite Profiled
Steel Cladding)
Plastering (Block Outer Leaf)

FINISH-START
FINISH-START

Plastering (Block Outer Leaf)
Plastering (Block Outer Leaf)
Plastering (Block Outer Leaf)
Plastering (Block Outer Leaf)
Plastering (Block Outer Leaf)
Plastering (Block Outer Leaf)
Plastering (Block Outer Leaf)
Plastering (Brick Outer Leaf)
Install Windows and Doors (Profiled
Steel Cladding and Insulation)
Install Windows and Doors (Profiled
Steel Cladding and Insulation)
Plastering (Brick Outer Leaf)
Plastering (Brick Outer Leaf)
Plastering (Brick Outer Leaf)
Glazing (Profiled Steel Cladding and
Insulation)
Blockwork (Internal Walls)
Blockw’ork (Internal Walls)
Blockwork (Internal Walls)
Blockwork (Internal Walls)
Blockwork (Internal Walls)
Blockwork (Internal Walls)
Blockwork (Internal Walls)
Blockwork (Internal Walls)
Blockwork (Internal Walls)
Steel - fix r.c. walls (Internal Walls RC
Walls)
Steel - fix r.c. walls (Internal Walls RC
Walls)
Plastering (Internal Walls Blockwork)

FINISH-START
FINISH-START
FINISH-START
FINISH-START
FINISH-START
START-START &
FINISH-FINISH
FINISH-START
START-START &
FINISH-FINISH
FINISH-START
START-START &
FINISH-FINISH
FINISH-START
START-START &
FINISH-FINISH
FINISH-START
FINISH-START
FINISH-START
FINISH-START
FINISH-START
FINISH-START
FINISH-START
FINISH-START
FINISH-START
FINISH-START
FINISH-START
FINISH-START
START-START &
FINISH-FINISH
START-START &
FINISH-FINISH
START-START &
FINISH-FINISH
START-START &
FINISH-FINISH
START-START &
FINISH-FINISH
START-START &
FINISH-FINISH
START-START &
FINISH-FINISH
FINISH-START

Install Equipment (pumps, etc..)
(Domestic Hot & Cold Water)
Glazing (Block Outer Leaf)
Plastering (Brick Outer Leaf)
Install Windows and Doors (Profiled Steel
Cladding and Insulation)
Install Ceiling Grid
Preperation/undercoats
Floor Tiling
Prepare Surface (Epoxy Floor)
Install Lighting Distribution Board(s)
(Lighting)
Final fix (fittings) (Lighting)
Install Fire Alarm Panel(s)
Final fix (detectors,BGUs,etc) (Fire
Alarm)
Install Panels (network,’phone,etc..)
Final fix (sockets) (Communications
Systems)
Install Power Distribution Services
Final fix (sockets) (General Services)
Glazing (Brick Outer Leaf)
Flashings,trims,etc... (Profiled Steel
Cladding and Insulation)
Glazing (Profiled Steel Cladding and
Insulation)
Install Ceiling Grid
Preperation/undercoats
Floor Tiling
Prepare Surface (Epoxy Floor)
Plastering (Internal Walls Blockwork)
Install frames (Internal Walls)
Plasterboarding (Ceilings)
Wall Tiling
1st fix (cable supports) (Lighting)
1st fix (cable supports) (Fire Alarm)
1st fix (cable supports) (Communications
Systems)
1st fix (cable supports) (General Services)
1st fix ductwork
Shutter r.c. walls (Internal Walls RC
Walls)
Pour r.c. walls (Internal Walls RC Walls)
Install Ceiling Grid
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Dry Lining (Brick Outer Leaf)
Dry Lining (Brick Outer Leaf)

FINISH-START
FINISH-START

Dry Lining (Brick Outer Leaf)

FINISH-START

Plastering (Block Outer Leaf)
Install Windows and Doors (Brick
Outer Leaf)
Install inner liner tray (Profiled Steel
Cladding aiid Insulation)
Plastering (Block Outer Leaf)
Plastering (Block Outer Leaf)
Plastering (Block Outer Leaf)
Glazing (Insulated Composite Profiled
Steel Cladding)
Plastering (Block Outer Leaf)

FINISH-START
FINISH-START

Plastering (Block Outer Leaf)
Plastering (Block Outer Leaf)
Plastering (Block Outer Leaf)
Plastering (Block Outer Leaf)
Plastering (Block Outer Leal)
Plastering (Block Outer Leaf)
Plastering (Block Outer Leaf)
Plastering (Brick Outer Leaf)
Install Windows and Doors (Profiled
Steel Cladding and Insulation)
Install Windows and Doors (Profiled
Steel Cladding jmd Insulation)
Plastering (Brick Outer Leaf)
Plastering (Brick Outer Leaf)
Plastering (Brick Outer Leaf)
Glazing (Profiled Steel Cladding and
Insulation)
Blockwork (Internal Walls)
Blockwork (Internal Walls)
Blockwork (Internal Walls)
Blockwork (Internal Walls)
Blockwork (Internal Walls)
Blockwork (Internal Walls)
Blockwork (Internal Walls)
Blockwork (Internal Walls)
Blockwork (Internal Walls)
Steel - fix r.c. walls (Internal Walls RC
Walls)

FINISH-START
FINISH-START
FINISH-START
FINISH-START
FINISH-START
START-START &
FINISH-FINISH
FINISH-START
START-START &
FINISH-FINISH
FINISH-START
START-START &
FINISH-FINISH
FINISH-STARI'
START-START &
FINISH-FINISH
FINISH-START
FINISH-START
FINISH-START
FINISH-START
FINISH-START
FINISH-START
FINISH-START
FINISH-START
FINISH-START
FINISH-START
FINISH-START
FINISH-START
START-START &
FINISH-FINISH
START-START &
FINISH-FINISH
START-START &
FINISH-FINISH
START-START &
FINISH-FINISH
START-START &
FINISH-FINISH
START-START &
FINISH-FINISH

Install Air Handling Units
Install Equipment (pumps, etc..) (Low
Pressure Hot Water)
Install Equipment (pumps, etc..)
(Domestic Hot & Cold Water)
Glazing (Block Outer Leaf)
Plastering (Brick Outer Leaf)
Install Windows and Doors (Profiled Steel
Cladding and Insulation)
Install Ceiling Grid
Preperation/undercoats
Floor Tiling
Prepare Surface (Epoxy Floor)
Install Lighting Distiibution Board(s)
(Lighting)
Final fix (fittings) (Lighting)
Install Fire Alarm Panel(s)
Final fix (detectors,BGUs,etc) (Fire
Alarm)
Install Panels (network,’phone,etc..)
Final fix (sockets) (Cominunications
Systems)
Install Power Distribution Sendees
Final fix (sockets) (General Sendees)
Glazing (Brick Outer Leaf)
Flashings,trims,etc... (Profiled Steel
Cladding and Insulation)
Glazing (Profiled Steel Cladding and
Insulation)
Install Ceiling Grid
Preperation/undercoats
Floor Tiling
Prepare Surface (Epoxy Floor)
Plastering (Internal Walls Blockwork)
Install frames (Internal Walls)
Plasterboarding (Ceilings)
Wall Tiling
1st fix (cable supports) (Lighting)
1st fix (cable supports) (Fire Alarm)
1 St fix (cable supports) (Communications
Systems)
1st fix (cable supports) (General Servdees)
1st fix ductwork
Shutter r.c. walls (Internal Walls RC
Walls)
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Steel - fix r.c. walls (Internal Walls RC
Walls)
Plastering (Internal Walls Blockwork)
Plastering (Internal Walls Blockwork)
Plastering (Internal Walls Blockwork)
Plastering (Internal Walls Blockwork)
Plastering (Internal Walls Blockwork)
Plastering (Internal Walls Blockwork)
Plastering (Internal Walls Blockwork)
Plastering (Internal Walls Blockwork)
Plastering (Internal Walls Blockwork)
Plastering (Internal Walls Blockwork)
Plastering (Internal Walls Blockwork)
Plastering (Internal Walls Blockwork)
Shutter r.c. walls (Internal Walls RC
Walls)
Install stiidwork (Internal Walls Timber
Partition.^:)
Install sludwork (Internal Walls I'imbcr
Partitions)
Install studwork (Internal Walls Timber
Partitions)
Install studwork (Internal Walls Timber
Partitions)
Install studwork (Internal Walls Timber
Partitions)
Install studwork (Internal Walls Timber
Partitions)
Pour r.c. walls (Internal Walls RC
Walls)
Plasterboarding (Internal Walls Timber
PcUlitions)
Install studwork (Internal Walls Metal
Partitions)
Pour r.c. walls (Internal Walls RC
Walls)
Plasterboarding (Internal Walls Timber
Partitions)
Pour r.c. walls (Internal Walls RC
Walls)
Install studwork (Internal Walls Metal
Partitions)
Pour r.c. walls (Internal Walls RC
Walls)
Plasterboarding (Internal Walls Timber
Partitions)
Pour r.c. walls (Internal Walls RC
Walls)
Install studwork (Internal Walls Metal
Partitions)

START-START &
FINISH-FINISH
FINISH-START
FINISH-START
FINISH-START
START-START &
FINISH-FINISH
FINISH-START
START-START &
FINISH-FINISH
FINISH-START
START-START &
FINISH-FINISH
FINISH-START
START-START &
FINISH-FINISH
FINISH-START
FINISH-START
START-START &
FINISH-FINISH
START-START &
FINISH-FINISH
I'lNISH-Sd'ART
START-START &
FINISH-FINISH
START-START &
FINISH-FINISH
START-START &
FINISH-FINISH
START-START &
FINISH-FINISH
FINISH-START
FINISH-START

Pour r.c. walls (Internal Walls RC Walls)
Install Ceiling Grid
Preperation/undercoats
Floor Tiling
Install Lighting Distribution Board(s)
(Lighting)
Final fix (fittings) (Lighting)
Install Fire Alann Panel(s)
Final fix (detectors,BGUs,etc) (Fire
Alann)
Install P<mels (network,’phone,etc..)
Final fix (sockets) (Communications
Systems)
Install Power Distribution Services
Final fix (sockets) (General Sendees)
Excavtion/filling
Pour r.c. walls (Internal Walls RC Walls)
Plasterboarding (Internal Walls Timber
Partitions)
Plasterboarding (Ceilings)
1st fix (cable supports) (Lighting)
1st fix (cable supports) (Fire Alarm)
1st fix (cable supports) (Communications
Systems)
1st fix (cable supports) (General Sendees)
Plastering (Internal Walls RC Walls)

START-START &
FINISH-FINISH
FINISH-START

Plastering (skimming) (Internal Walls
Timber Partitions)
Plasterboarding (Internal Walls Metal
Partitions)
Install frames (Internal Walls)

FINISH-START

Install frames (Internal Walls)

FINISH-START

Plasterboarding (Ceilings)

FINISH-START

Plasterboarding (Ceilings)

FINISH-START

Wall Tiling

FINISH-START

Wall Tiling

START-START &
FINISH-FINISH
START-START &
FINISH-FINISH

1st fix (cable supports) (Lighting)
1st fix (cable supports) (Lighting)
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Pour r.c. walls (Internal Walls RC
Walls)
Install stiidwork (Internal Walls Metal
Partitions)
Pour r.c. walls (Internal Walls RC
Walls)
Install studwork (Internal Walls Metal
Partitions)
Pour r.c. walls (Internal Walls RC
Walls)
Install studwork (Internal Walls Metal
Partitions)
Pour r.c. walls (Internal Walls RC
Walls)
PlasterbocU'ding (Internal Walls Metal
Partitions)
Install frames (Internal Walls)
Install frames (Internal Walls)
Plasterboarding (Internal Walls Metal
Partitions)
Install frames (Internal Walls)
Install frames (Internal Walls)
Install frames (Internal Walls)

START-START &
FINISH-FINISH
START-START &
FINISH-FINISH
START-START &
FINISH-FINISH
START-START &
FINISH-FINISH
START-START &
FINISH-FINISH
START-START &
FINISH-FINISH
START-START &
FINISH-FINISH
FI NISH-START

Install I'ramcs (Internal Walls)

FlNISH-Sl ART

Plastering (Internal Walls RC Walls)
Plastering (skimming) (Internal Walls
Timber Partitions)
Plastering (Internal Walls RC Walls)
Plastering (skimming) (Internal Walls
Timber Partitions)
Plasterboarding (Internal Walls Metal
Partitions)
Plastering (Internal Walls RC Walls)
Plastering (skimming) (Internal Walls
Timber Partitions)
Plastering (Internal Walls RC Walls)

FINISH-START
FINISH-START

Plastering (Internal Walls Blockwork)
Plastering (Internal Walls RC Walls)
Plastering (skimming) (Internal Walls
Timber Partitions)
Plastering (skimming) (Internal Walls
Metal Partitions)
Install Ceiling Grid
Install Ceiling Grid

FINISH-START
FINISH-START

Preperation/undercoats
Preperation/undercoats

FINISH-START

Wall Tiling

FINISH-START
FINISH-START

Floor Tiling
Floor Tiling

START-START &
FINISH-FINISH
START-START &
FINISH-FINISH
FINISH-START
FINISH-START

Install Lighting Distribution Board(s)
(Lighting)
Install Lighting Distribution Board(s)
(Lighting)
Final fix (fittings) (Lighting)
Final fix (fittings) (Lighting)

START-START &
FINISH-FINISH
START-START &
FINISH-FINISH
FINISH-START

Install Fire Alarm Panel(s)

Plastering (skimming) (Internal Walls
Timber Partitions)
Plastering (Internal Walls RC Walls)
Plastering (skimming) (Internal Walls
Timber Partitions)
Plastering (Internal Walls RC Walls)
Plastering (skimming) (Internal Walls
Timber Partitions)
Plastering (Internal Walls RC Walls)
Plastering (skimming) (Internal Walls
Timber Partitions)
Plastering (Internal Walls RC Walls)
Plastering (skimming) (Internal Walls
Timber Partitions)

FINISH-START
FINISH-START
FINISH-START
FINISH-START
FINISH-START
FINISH-START

FINISH-START
START-START &
FINISH-FINISH
START-START &
FINISH-FINISH

1st fix (cable supports) (Fire Alarm)
1st fix (cable supports) (Fire Alann)
1st fix (cable supports) (Communications
Systems)
1st fix (cable supports) (Communications
Systems)
1st fix (cable supports) (General Services)
1st fix (cable supports) (General Sendees)
1st fix ducUvork
Plastering (skimming) (Internal Walls
Metal Partitions)
Install door leaves (Internal Walls)
Glazing (Internal Walls)
Install frames (Internal Walls)

Install Fire Alann Panel(s)
Final fix (detectors,BGUs,etc) (Fire
Alarm)
Final fix (detectors,BGUs,etc) (Fire
Alarm)
Install Panels (network,’phone,etc..)
Install Panels (network,’phone,etc..)
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Plastering (Internal Walls RC Walls)

FINISH-START

Plastering (skimming) (Internal Walls
Timber Partitions)
Plastering (Internal Walls RC Walls)

FINISH-START

Plastering (skimming) (Internal Walls
Timber Partitions)
Plastering (Internal Walls RC Walls)
Plastering (skimming) (Internal Walls
Timber Partitions)
Plastering (Internal Walls RC Walls)
Plastering (skimming) (Internal Walls
Timber Partitions)
Plastering (skimming) (Internal Walls
Metal Partitions)
Plastering (skimming) (Internal Walls
Metal Partitions)
Plastering (skimming) (Internal Walls
Metal Partitions)
Plastering (skimming) (Internal Walls
Metal Partitions)
Plastering (skimming) (Internal Walls
Metal Parlitions)
Plastering (skimming) (Internal Walls
Metal Partitions)
Plastering (skimming) (Internal Walls
Metal Parlitions)
Plastering (skimming) (Internal Walls
Metal Partitions)
Plastering (skimming) (Internal Walls
Metal Partitions)
Plastering (skimming) (Internal Walls
Metal Partitions)
Plastering (skimming) (Internal Walls
Metal Partitions)
Plastering (skimming) (Internal Walls
Metal Partitions)
Glazing (Internal Walls)
Install Ceiling Grid

START-START &
FINISH-FINISH
START-START &
FINISH-FINISH
FINISH-START
FINISH-START

Final fix (sockets) (Communications
Systems)
Final fix (sockets) (Communications
Systems)
Install Power Distribution Services
Install Power Distribution Services
Final fix (sockets) (General Sendees)
Final fix (sockets) (General Sendees)

FINISH-START
FINISH-START

Excavtion/filling
Excavtion/filling

FINISH-START

Install Ceiling Grid

FINISH-START

Preperation/undercoats

FINISH-START

Floor Tiling

START-START &
FINISH-FINISH
FINISH-START

Install Lighting Distribution Board(s)
(Lighting)
Final fix (fittings) (Lighting)

START-START
FINISH-FINISH
FINISH-START

Install Fire Alarm Pancl(s)

START-START &
FINISH-FINISH
FINISH-START
START-START &
FINISH-FINISH
FINISH-START

Final fix (detectors,BGUs,etc) (Fire
Alarm)
Install Panels (network,’phone,etc..)
Final fix (sockets) (Communications
Systems)
Install Power Distribution Sendees
Final fix (sockets) (General Services)

FINISH-START

Excavtion/filling
Excavtion/filling
Install Ceiling Tiles

Install Ceiling Grid
Install Ceiling Grid

FINISH-START
START-START &
FINISH-FINISH
FINISH-START
FINISH-START

Install Ceiling Grid

FINISH-START

Install Ceiling Grid
Install Ceiling Grid
Plasterboarding (Ceilings)
Install Ceiling Tiles
Install Ceiling Tiles
Prep eration/underco ats
Preperation/undercoats
Plasterboard Ceilings (Ceilings)
Plasterboard Ceilings (Ceilings)

FINISH-START
FINISH-START
FINISH-START
FINISH-START
FINISH-START
FINISH-START
FINISH-START
FINISH-START
FINISH-START

Final fix (fittings) (Lighting)
Final fix (detectors,BGUs,etc) (Fire
Alarm)
Final fix (sockets) (Communications
Systems)
Final fix (sockets) (General Services)
Final fix sprinkler (heads)
Plastering (skimming) (Ceilings)
DPM
Leveling Screed
Finish Coats
Leveling Screed
DPM
Leveling Screed
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Plasterboiird Ceilings (Ceilings)
Plasterboard Ceilings (Ceilings)

FINISH-START
FINISH-START

Plasterboard Ceilings (Ceilings)

FINISH-START

Plasterboard Ceilings (Ceilings)
PlasterbOfird Ceilings (Ceilings)
Finish Coats
Finish Coats
Wall Tiling
Finish Coats
Wall Tiling
Leveling Screed
Prepare Surface (Epoxy Floor)
Install Lighting Distribution Board(s)
(Lighting)
1st fix (cable supports) (Lighting)
Install Fire Alami Panel(s)
1st fix (cable supports) (Lighting)
1st fix (cable supports) (Lighting)
1st fix (cable supports) (Lighting)
1st fix (cable supports) (Lighting)
1st fix (cable supports) (Lighting)
1st fix (cable supports) (Lighting)
1st fix (cable supports) (Lighting)
1st fix (cable supports) (Lighting)

FINISH-START
FINISH-START
FINISH-START
FINISH-START
FINISH-START
FINISH-START
FINISH-START
FINISH-START
FINISH-START
FINISH-FINISH
FINISH-START
FINISH-FINISH
FINISH-START
FINISH-START
FINISH-START
FINISH-START
FINISH-START
FINISH-START
FINISH-SI'ART
FINISH-START

1st fix (cable supports) (Lighting)

FINISH-START

2nd fix (cabling) (Lighting)
1st fix (cable supports) (Fire Alarm)
Install Panels (network,’phone,etc..)

FINISH-START
FINISH-START
FINISH-FINISH

1st fix (cable
1 St fix (cable
1st fix (cable
1st fix (cable
1st fix (cable
1 St fix (cable
1st fix (cable
1st fix (cable

(Fire Alanu)
(Fire Alami)
(Fire Alarm)
(Fire Alarm)
(Fire Alarm)
(Fire Alami)
(Fire Alarm)
(Fire Alami)

FINISH-START
FINISH-START
FINISH-START
FINISH-START
FINISH-START
FINISH-START
FINISH-START
FINISH-START

1st fix (cable supports) (Fire Alarm)

FINISH-START

Final fix (fittings) (Lighting)
2nd fix (cabling) (Fire Alami)

FINISH-START
FINISH-START

Isl fix (cable supports)
(Communications Systems)
Install Earthing Test Points
Final fix (fittings) (Lighting)
1st fix (cable supports)
(Communications Systems)
1st fix (cable supports)
(Communications Systems)

FINISH-START

supports)
supports)
supports)
supports)
supports)
supports)
supports)
supports)

Final fix (fittings) (Lighting)
Final fix (detectors,BGUs,etc) (Fire
Alarm)
Final fix (sockets) (Communications
Systems)
Final fix (sockets) (General Services)
Final fix sprinkler (heads)
Vinyl
DPM
DPM
Leveling Screed
Leveling Screed
Carpeting
Lay Epoxy
2nd fix (cabling) (Lighting)

FINISH-START
FINISH-START
FINISH-START

2nd fix (cabling) (Lighting)
2nd fix (cabling) (Fire Ahum)
Plastering (Single Leaf)
Plastering (Cavity Walls)
Plastering ( B/B Cavity Walls)
Plastering (Block Outer Leaf)
Dry Lining (Brick Outer Leaf)
Plastering (Internal Walls Blockwork)
Plastering (Internal Walls RC Walls)
Plastering (skimming) (Internal Walls
Timber Partitions)
Plastering (skimming) (Internal Walls
Metal Partitions)
Final fix (fittings) (Lighting)
2nd fix (cabling) (Fire Alarm)
2nd fix (cabling) (Communications
Systems)
Plastering (Single Leaf)
Plastering (Cavity Walls)
Plastering ( B/B Cavity Walls)
Plastering (Block Outer Leaf)
Dry Lining (Brick Outer Leaf)
Plastering (Internal Walls Blockwork)
Plastering (Internal Walls RC Walls)
Plastering (skimming) (Internal Walls
Timber Partitions)
Plastering (skimming) (Internal Walls
Metal Partitions)
System testing (Lighting)
Final fix (detectors,BGUs,etc) (Fire
Alarm)
2nd fix (cabling) (Communications
Systems)
System Testing (Eartliing)
Install Ceiling Tiles
Plastering (Single Leaf)

FINISH-START

Plastering (Cavity Walls)
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1st fix (cable supports)
(Communications Systems)
1st fix (cable supports)
(Communications Systems)
1st fix (cable supports)
(Communications Systems)
1st fix (cable supports)
(Communications Systems)
1st fix (cable supports)
(Communications Systems)
1st fix (cable supports)
(Communications Systems)
1st fix (cable supports)
(Communications Systems)
Final fix (detectors,BGUs,etc) (Fire
Alarm)
2nd fix (cabling) (Communications
Systems)
Install Eartli Test Rods
Install Eartli Test Rods
Install Power Distribution Services
Final fix (detectors,BGUs,etc) (Fire
Alann)
Final fix (sockets) (Communications
Systems)
Install Eardi Test Tapes
1st fix (cable supports) (General
Services)
Install Main Distribution Board
Final fix (sockets) (Communications
Systems)
1st fix (cable supports) (General
Sendees)
1st fix (cable supports) (General
Sendees)
1st fix (cable supports) (General
Sendees)
1st fix (cable supports) (General
Sendees)
1st fix (cable supports) (General
Sendees)
1st fix (cable supports) (General
Sendees)
1st fix (cable supports) (General
Services)
1st fix (cable supports) (General
Sendees)
1st fix (cable supports) (General
Sendees)
2nd fix (cabling) (General Sendees)
Install Motor Control Centres
Final fix (sockets) (General Services)
Install Main Power Supply Cabling
Final fix (sockets) (General Services)
Install Air Handling Units

FINISH-START

Plastering ( B/B Cavity Walls)

FINISH-START

Plastering (Block Outer Leal)

FINISH-START

Diy' Lining (Brick Outer Leaf)

FINISH-START

Plastering (Internal Walls Blockwork)

FINISH-START

Plastering (Internal Walls RC Walls)

FINISH-START

Plastering (skimming) (Internal Walls
Timber Partitions)
Plastering (skimming) (Internal Walls
Metal Partitions)
System testing (Fire Alarm)

FINISH-START
FINISH-START
FINISH-START
FINISH-START
FINISH-START
FINISH-FINISH
FINISH-START

Final fix (sockets) (Communications
Systems)
Install Eartli Test Tapes
System Testing (Eartiling)
2nd fix (cabling) (General Services)
Install Ceiling Tiles

FINISH-START
FINISH-START

System testing (Communications
Systems)
System Testing (Earthing)
2nd fix (cabling) (General Servdees)

FINISH-FINISH
FINISH-START

Install Main Power Supply Cabling
Install Ceiling Tiles

FINISH-START

Plastering (Single Leaf)

FINISH-START

Plastering (Cavity Walls)

FINISH-START

Plastering ( B/B Cavity Walls)

FINISH-START

Plastering (Block Outer Leaf)

FINISH-START

Diy Lining (Brick Outer Leaf)

FINISH-START

Plastering (Internal Walls Blockwork)

FINISH-START

Plastering (Internal Walls RC Walls)

FINISH-START

Plastering (skimming) (Internal Walls
Timber Partitions)
Plastering (skimming) (Internal Walls
Metal Partitions)
Final fix (sockets) (General Sendees)
Install Main Power Supply Cabling
System testing (General Services)
System testing (Main power Distribution)
Install Ceiling Tiles
2nd fix ductwork

FINISH-START

FINISH-START
FINISH-START
FINISH-FINISH
FINISH-START
FINISH-FINISH
FINISH-START
FINISH-FINISH
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1st fix ductwork
Install Equipment (pumps, etc..) (Low
Pressure Hot Water)
1st fix ductwork
1 St fix ductwork
1st fix ductwork
2nd fix ductwork
1st fix pipework (Low Pressure Hot
Water)
Install Equipment (pumps, etc..)
(Domestic Hot & Cold Water)
Final fix (grilles)
2nd fix pipework (Low Pressure Hot
Water)
1st fix pipework (Domestic Hot & Cold
Water)
Excavate trench
Final fix (grilles)
Final fix (grilles)
Final fix (grilles)
System Testing (Air Supply/Extract)
System I’csling (Low Pressure Hoi
Water)
2nd fix pipework (Domestic Hot &
Cold Water)
Install fire main
1st fit sprinkler pipework
System Testing (Domestic Hot & Cold
Water)
Test fire main
2nd fix sprinkler pipework
Test sprinkler system
Final fix sprinkler (heads)
Excavtioii/filling
Excavtion/filling
Excavtion/filling
Road base and kerbing
Road base and kerbing
Topsoil
Topsoil
Prepare concrete patlis and paving

FINISH-START
FINISH-FINISH
START-START &
FINISH-FINISH
START - START
FINISH-START
FINISH-START
FINISH-START
FINISH-FINISH
FINISH-START
FINISH-START
FINISH-START
START-START &
FINISH-FINISH
FINISH-START
FINISH-START
FINISH-START
FINISH-START
MNlSH-STAR’t
FINISH-START
FINISH-START
FINISH-START
FINISH-START
FINISH-START
FINISH-START
FINISH-START
FINISH-START
FINISH-START
START-START &
FINISH-FINISH
START-START &
FINISH-FINISH
FINISH-START
FINISH-START
FINISH-START
FINISH-START
FINISH-START

2nd fix ductwork
2nd fix pipework (Low Pressure Hot
Water)
1st fix pipework (Low Pressure Hot
Water)
1st fix pipework (Domestic Hot & Cold
Water)
1st fit sprinkler pipework
Final fix (grilles)
2nd fix pipework (Low Pressure Hot
Water)
2nd fix pipework (Domestic Hot & Cold
Water)
System Testing (Air Supply/Extract)
System Testing (Low Pressure Hot
Water)
2nd fix pipework (Domestic Hot & Cold
Water)
Install fire main
Install Ceiling Grid
Plasterboard Ceilings (Ceilings)
Install Ceiling Tiles
Thenual Insulation (Air Supply/Extract)
Thermal Insulation (Low Pressure Hot
Water)
System Testing (Domestic Hot & Cold
Water)
Test fire main
2nd fix sprinkler pipework
System Testing (Domestic Hot & Cold
Water)
Backfill trench
Test sprinkler system
Final fix sprinkler (heads)
Install Ceiling Tiles
Install Eartli Test Rods
Road base and kerbing
Prepare concrete paths and paving
Topsoil
Road surfacing
Grass Seeding
Tree Planting etc..
Pour concrete paths and paving
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Table F.l
Field Name

Actual Co St
ActualDuration
ActualFinish
Actual Start
ActualWork
Author
BasclineCost
Calendar
Comments
Company
Complete
Cost
Currentdate
DefaultSettings
Duration
Finish
FinishVari ancc
Keywords
Lasts aved
Manager
Name
OriginalFileName
Original Save
PctWorkComplete
PlannedDuration
PlannedFinish
PlannedStart
PlannedWork
ProjectKey
ProjectVersion
ScheduleFrom
Start
StartVariance
Subject
Work

Data Type

Number
Text
Date/Time
Date/Time
Text
Text
Number
Text
Memo
Text
Number
Number
Date/Time
Memo
Text
Date/Time
Text
Text
Date/Time
Text
Text
Text
Date/Time
Number
Text
Date/Time
Date/Time
Text
Text
Number
Number
Date/Time
Text
Text
Text

Project Table

Primary
Key

Field
Size
Double
16

16
255
Double
255
255
Double
Double

Decimal
Places

Indexed

Auto

No
No
No
No
No
No
No
No

Auto

Auto
Auto

16
16
255
255
255
255
Single
16

Yes
Yes

16
16
Integer
Double
16
255
16

Auto

Auto
Auto

No
No
No

No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No

Allow
Zero
Length
No

No
No
No
No
No

No
No
No
No
No
No
No
No

No

No
No

No
No
•No

164

Appendix F

Table F.2
Field Name

ActualCost
ActiialWork
BaselineCost
Cost
Delay
FinishDate
OvertimeWork
PlannedWork
ProjectKey
ProjectVersion
ResID
StartDate
TaskID
UniqiielD
Units
Work
Workgroup I nib

Data Type

Number
Text
Number
Number
Text
Date/Time
Text
Text
Text
Number
Number
Date/Time
Number
Number
Number
Text
Memo

Resource Assignments
Primary
Key

Field
Size
Double
16
Double
Double
16
16
16
16
Integer
Integer
Integer
Integer
Double
16

Decimal
Places

Indexed

Auto

No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No

Auto
Auto

Auto
Auto
Auto
Auto
Auto

Allow
Zero
Length
No

No
No
No
No

No
No
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Table F.3
Field Name

Accmal
Actual Cost
ActualWork
BaseCalendar
BaselineCost
BaselineWork
Calendarinfo
Code
Cost
CostPerUse
CostRemaining
CostVariaiice
EMail
Initials
Links
MaxUnits
Name
Notes
Objects
Ovcrallocated
OvertimeRate
OvertimeWork
P ctWorkC om p 1 ete
Peak
ProjeetKe}'
ProjectVersion
ResGroup
ResID
ResUniquelD
StandardRate
Textl
Text2
Texts
Text4
Texts
Work
WorkRemaining
WorkVariance

Data Type

Text
Number
Text
Text
Number
Text
Memo
Text
Number
Number
Number
Text
Text
Text
Text
Number
Text
Text
Text
Text
Text
Text
Number
Text
Text
Number
Text
Number
Number
Text
Text
Text
Text
Text
Text
Text
Text
Text

Primary
Key

Resources
Field
Size
255
Double
16
255
Double
255

Yes
Yes
Yes

255
Double
Double
Double
255
255
255
255
Double
255
255
255
255
255
255
Single
255
16
Integer
255
Integer
Integer
255
255
255
255
255
255
255
255
255

Decimal
Places

Auto

Auto

Auto
Auto
Auto

Auto

Auto

Auto
Auto
Auto

Indexed

No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No

Allow
Zero
Length
No
No
No
No
No
No

No
No
No
No
No
No
No
No
No
No
No
No
No

No
No
No
No
No
No
No
No
No
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Table F.4
Field Name

ActualCost
ActualDuration
ActualFinish
Actual Start
ActiialWork
BaselineCost
BaselineDuration
BaselineFinish
BaselineStart
BaselineWork
BCWP
BCWS
Confinned
ConstraintDate
ConstraintType
Contact
Cost
Costl
Cost2
Cost3
CostVariance
Created
Critical
CV
Delay
Duration
Duration 1
Duration!
Durations
DurationVariance
EarlyFinish
Early Start
Finish
Finish 1
Finish!
FinishS
Finishd
FinishS
FinishVariance
Fixed
FixedCost
Flagl
Flag 10
Flag!

Data Type

Number
Text
Date/Time
Date/Time
Text
Number
Text
Date/Time
Date/Time
Text
Text
Text
Text
Date/Time
Text
Text
Number
Number
Number
Number
Text
Date/Time
Text
Number
Text
Text
Text
Text
Text
Text
Date/Time
Date/Time
Date/Time
Date/Time
Date/Time
Date/Time
Date/Time
Date/Time
Text
Text
Number
Text
Text
Text

Primary
Key

Tasks
Field
Size

Decimal
Places

Indexed

Double
16

Auto

No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No

!55
Double
16

Auto

!55
!55
!55
3
!55
!55
Double
Double
Double
Double
!55
3
Double
!55
!55
16
16
16
!55

■ Auto
Auto
Auto
Auto

Auto

16
o

Double
3
3
3

Auto

Allow
Zero
Length
No

No
No

No
No
No
No
No
No

No
No
No
No
No
No
No
No

No
No
No
No
No
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Flag3
Flag4
Flag5
Flag6
Flag?
Flags
Flag9
FreeSlack
HideBar
LateFinish
Late Start
Links
Marked
Milestone
Name
Notes
Number 1
Number?
Numbers
Number4
Numbers
' Objects
OutliiieLevel
OutlineNumber
PctComplete
PctWorkComplete
Predecessors
Priority
Project
ProjeetKey
ProjectVersion
RecurringTasklnfo
RemainingCost
RemainingDuration
ResourceGroup
Resourcelnitials
ResourceNames
Resume
ResumeNoEarlierTlran
Rollup
Start
Startl
Start?
Starts
Start4
Starts
StartVariance
Stop
SubProject

Text
Text
Text
Text
Text
Text
Text
Text
Text
DateATime
Date/Time
Text
Text
Text
Text
Text
Number
Number
Number
Number
Number
Text
Number
Number
Number
Number
Text
Text
Text
Text
Number
Memo
Number
Text
Text
Text
Text
Date/Time
Date/Time
Text
Date/Time
Date/Time
Date/Time
Date/Time
Date/Time
Date/Time
Text
Date/Time
Text

S
S
S
S
S
S
S
16
S

No
No
No
No
No
No
No
No
No
No
No
No
No
No
No

?ss
s
s
?ss
Double
Double
Double
Double
Double
?SS
Integer
Integer
Single
Single
?SS

Auto
Auto
Auto
Auto
Auto
Auto
Auto
Auto
Auto

?ss
?ss
Yes
Yes

16
Integer

Auto

No
No
No
No
No
No
No
No
No
No
No
No
No
No
No

No
No
No
No
No
No
No
No
No

No
No
No
No
No

No

No
No
No
No
No

Double
16
?SS

?ss
?ss
s

16

?ss

Auto

No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No

No
No
No
No

No

No
No
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Appendix F

Succesors
Summary
SV
TaskID
TaskUniquelD
Textl
Text 10
Text2
Texts
Text4
Texts
Text6
Text?
Texts
Text9
TotalSlack
UniquelDPredecessors
UniquelDSuccessors
UpdateNeeded
WBS
Work
WorkRemaining
WorkVariance

Text
Text
Number
Number
Number
Text
Text
Text
Text
Text
Text
Text
Text
Text
Text
Text
Text
Text
Text
Text
Text
Text
Text

Yes

255
3
Double
Integer
Integer
255
255
255
255
255
255
255
255
255
255
3
255
255
255
255
255
255
255

Auto
Auto
Auto

No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No

No
No

No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No

AH other property information is left blank apart
from “Required” which should read ‘No’ in all cases.

169

1

